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"DESCRI PTION A DC voltage converting device is connected to a DC vo tﬁé@% 200‘5
source on the input side. On the output side, the converting device

supplies a converted DC voltage to at |east one electrical consuner. Such

DC vol t age g@RygELd N devices are in particular used CiTn fields where DC

vol tages nust Dbe converted and/or stabilized. Typi cdl @B%’I“?“@ations 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 conduct or technology. If a high DC voltage is present on the input

side, a corresponding conversion into another DC voltage is difficult as a
rul e because correspondN¥OLEMPRFOMVERTING BEVICEonverti ng devi ce do not show
a sufficiently high breakdown strength. Moreover, in the case of a high
power to be transmtted, the heat developed in the converting device may
be considerable even if the poNeSCRIBEON s only 10 or 20% To be able to

di scharge the power | oss converted into heat, correspondi ng cooling neans
nmust be rovi ded. This nmakes the converting device nore expensive and al so
| ar ger dﬁ%ctveltaqmnmmemims connscieddo aB&nsitagetsoirse bi#edfpat € t he obj ect of

the presadd oniNealbR i ; ' eyi ce of the
above-nent i or?ed ty%"g Igﬁ'g?ﬁé %Hﬁgfa%gq @eﬁm#ﬂg"ﬁ%ﬁ"@%ﬁ@ gﬂ%gegc’,?\{t he i nput
side a C8Feraelgsiicaheensuneit her DC vol tage is possible without any special

constructional efforts and high costs while conplicated cooling neans, or

the like, L are avoided at the sane tine. WO 03/026111 2
j Such 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, 6r 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 cdrresponding 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

e
g _W

the additional cooling means.

- It is therefore the objsct of the present invention to improve a DC voliage converfihg
device of the above-mentioned type such that aiso with high DC voltages on the

input side a conversion into another DG voltage is possible without any special
constructional efforts and high costs while complicated cooling means, or the like,
are avoided at the same time. |




PCT/ EPO2110467 In connection with the features of the preanbl e ofid pathiiR 2006
claiml1, this object is achieved in that the DC voltage converting device
conprises a plurality of DC voltage converting units of which each is
serially connected to the DC voltage source on the input side and connected
I n parall el e cabl e connection on the output _side for supplying the
correspondi ﬁg”sé&%“f‘/& tage for the el gctrical consunerECTEERMY t he use of the
converting units and the special wiring with respect to the DC voltage
source, each unit converts only part of the high DC vol tage applied. For

i nstance, if there is a DC voltage of 6000 V on the input side, each of the
convert llﬁ&onﬂéﬂﬂldrﬁmtmhéfe@tl]ﬂe!oﬂﬂ@)é@éhbfe%?pﬂéﬁi chinff ihi®onjedt ist he i nput vol tage
if these ﬂre of an identical construction and on condition that there is a

nunber GChigvediAhat the \AKpgaconyssling deniee sefpsises 3 plurality oBBC each converti ng
uni t woubRadertoveitHyimits of%ﬂ:h\éacﬂ'ﬁ(%er%l?é&ﬁ@%d tof'tlﬁé QOlethg@fsoﬁrB@ correspondi ng

conponents, of the converting units is nornal consi erably hi gher than
200 Vv, 98 e igputisideasd canngeled ingargligl withithe q:a@@rggmecthgpqth%ogm put side,
dependi R@eds subglyifle te@bmréboridivey DO RRES fon thewickiBalabAkuMef.n- @ correspondi ng
wiring to the cable connection, it is e.g. possible to provide a value of
300 V for the electrical consunmer. O course, it is.possible to use

dl fferemuermmnfee.ssoﬂﬁe e@wguﬁmawmb%pediéwmywmfespé@tdtaavnug e.g. fromthe
e appl,ied on vol t age needed

gh DC v, u
by 21 he uiEhge Sas, SuHaTheavert oniy AT bt e ich PCIvalhge SEPIR-EATD! o ¢ hat ot he
Conve[tlrﬂﬁanb&)llfttﬁeraisﬁhMleil?gﬁbmdoanthhpM@fdbcﬁaclg buheemumhg e.g. gl fferent
a unts Q ol.ta conver uni | respon |ng
oot vl Bl bR b Pt Aol G e ARt Shtagh  bBe e BBl T O e 1S of
gr eat er cériiradtion @Ad bv cahkiiien thiat the:@wmmbaa of niednbsrtiRyuriitd eruri cal desi gn.

Mo d thr h. th t ts that,
e onBstants,f i A3 SeStoniRr e i penieab PR gob Vi T Tamieowe ol ot e

f ai | ur estasngthhof theadotragpending@dmpoderits bRk SplEtidg uhitVsRo20dlly
considerably higher than 200 V, so that there is no risk in this respect.

©On the output side, depending on the design of the convert}ng units and with a
corresponding wiring to the cable connection, it is e.g. possible to provide a value of
- 300 V for the elactrical consumer.

Of courss, it is possible to use different numbers of converting units, the number
following e.g. from the high DC voitage 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
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feared (redundancy). Instead of this, the converting units that are sti
operative can receive nore voltage on the input side and convert the sane
into the output voltage required. A further advantage of the use of a
plurality og,o%%%ﬁ;ting units is that even with increased powers in the kW
range of e.Jd. volt and 1, 2, 3.or nore anp, thePCTEBRENME] oss of the
converting device is distributed over the corresponding converting units.
Heat corresponding to the power loss is thus not generated pointw se and

wi thin a e beelaskigalosasumer pead nohke Rerad (redungemy). iistdd sthis, théat it is

subst ant icghjert L S d : ; Ing. units. This
sinmplifies tﬁg@ \é‘g’gél' ?ﬁﬁtgé?%?g[cdgg%{“%gcﬁgi\‘%reewg °§ec%§%€%gnat§9'£8&lﬂd§, just requires

a si npl e 3¢ ponveid therigmeiintp thefoylputveltagegequied. t han by the environnment,

dependi ng on the respective arrangenent of the converting units. For

I nstance,, the converting units may be spaced apart from one anot her such
that t h&Jutisr aduaniage abihe yseaf pobralitys convetting unitsris thisven it  devel opnent

and eachj SatRid | thar I ratel yv. .Dependi ng on the
nunber a}?gﬁegesi g%?nWe%_@g%éﬁgagonﬁﬂ%ﬁ%\?g’?f"? qu}bofheabout 1 kVto 10
kV and, Poweslast ptthe senveding devies igdikiibuted ovee thercesespbnding doneerfimgput  si de. |t
shoul d opgR. BGRE ' ] I.e |tages with a
correspondin H’/ ﬁf& oﬁ‘v@?ﬁ%afgw%rela%gént\pggﬁ@#b%gt?ﬂg&ﬁt%%e#gof t he converting
units o‘P"“‘t"hg nfiggd FRESPANEINA feat iraeneratedisueh thet ita sutistadtialiy evendi ngl y.

At t ent i ogistfiblidd G\VeF 8l i | i ' ength of the
co onentss of ever %ﬁa}ﬁ@ﬁﬁ?ﬁt&. ﬁﬁﬁﬁ&ﬁﬁgé@?%@ﬂ@p%é%@??ﬁ%{%ﬁé{ t he amount of
the i anﬁ"dv?ﬂﬁ%’&J%HBBQT%@WQ%WQW@Ofl_dfther/@notimgwenwmei s smaller than
the br eaidipomiept, depeiding ohthedlBspRbive a?rﬁnqeﬁ%ﬂ{ %g?etsclflﬁv sg\f&té.ages w t hout any

great loss or interference also over Targe ance romthe DC vol tage
source, the DC voltage converting device nay be connected via a coaxial

cabl e Caninetaned) tiebohieiriguritOhbSesphel Gfirt i 3homdl'stén Bt VoI tages and
hi gh pover s ' sych a] coaxi al cabl e connection may have a
ey 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
kVto 10 kV and, in particular, 3 kV to 8 kV may be present on the input side. It
should once again be painted 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 recsive 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
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tthe costs are considerably reduced, for instance, in conparison with an AC
vol tage supply. Moreover, a coaxial cable connection is well suited also
for data transmission in addition to transmtting electrical power. As for
a DC volta%o%ﬁggzm ssion, attention nust further be paid that there are
only conduct or ses and no attenuation |losses in PY1B87 as is the
case with the transm ssion of AC voltage. To be able to transnit data sent
vi a the 89| Eosesastion:whsrehyihe ¢rstsdre @osidesablpreduded, fadnstanoelinage source, . e.

i thout _ ahRhécelvalien A0 Vbidde Pl UirsRERS cobliPchifc upbLAgF vepnver ting device

may conpris means arranged upstream on the | nput side. To use

hi ghl y e?‘f' F"é?]{o %%V%rﬂsm*w%ﬁqdﬂm F?éfaﬂsra'gﬁSéGQ@ﬁQ' Powerofik fprgenerate a snal |
amount  obCReleige aardmﬁéswﬁ AAHGAmdL foriady bé@b.u%tat tHefeYar@ Bly c&fa&ﬁ&m cal l'y
speaklnglb ar e x% a} | %ﬁﬁ &{Jtlon nd operation at the same tine, a
corresponfﬁ 5 §"BE eny °S§ 'ti°ﬁgasd*h Fcﬁﬁfy“"ﬁé Heagsgyiseian %fs a cl ocked

swi t ch n&ieclfagaver suppl y. In conparison with e.g. linear controlled. power
supplies, these offer the further advantage that they show a snall vol une,

a reduced noi se devel opnent, reduced snoothing demands and an increased
i nput vd’qlw@leﬂahg@mit'ﬁa@&em'mﬂnelmmiecqmne&mn Bitpgdireetoneof theDbdi vi ded into

pri mar i 1ynaadofes @a%@gmtgﬁéﬂeﬁéégﬂd &a i {pggf%eolgeﬁﬂtgzgoensur e an

el ectrical 1solation nverting device,

the swi tCERVeRig devieaimay empppga ﬁltey m@ar@f@rraamdwpbteem otike thput(sidei t ched)
prlmarlly If, in particular, high output powers are to be generated in the

r t he switch node power supply may be designed as a push-pul |

kKW.,r ang
copvert iP usesfyghly efficient senveding uaits thalcopsaquentiyrenitasneratec salla | ower current
| oad of ambemaamawmu@a SHsufc g YeIdbfity aRY, ecSﬁo?Mca%?hbb%ﬁdﬁQ'éré ty of the output
vol t age 'lech ciency and.a smal| transformer as the transformng
nmeans. bxcellentin pr uction and operation at the same time, a corresponding DC valtage
converting unit may be designed as a clocked switch mode power supply. In
comparison with e.g. linear controlied 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 ihto 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.




WO 031026111 5 PCT1EP02110467 Such a push-pull converter nmay bethésMMQegmﬁ
as a half-bridge or full-bridge push-pull converter. In particular for
maxi num powers the switch node power supply nay be designed as a
full-bridge push-pull converter. A switching nmeans for correspondingly

sw tchi ng t{gobhapsf ormer of the switch node pomerIEH@g}XM y e.g. be
designed as a swtching transistor, sin particular apo 3 FET or
BIMOSFET. It is also possible that the switching neans is designed as a

thyristosxt; In a}EELish-pull co%grt_er at least two switching transistors are
used t hat'Badmsh-aul qnvarteemay,eedesianed anabalr-bedon At TlrbrRgsIPysh-PY! | s al so

possi bl ecoheer@pan parfculan for AT olelsithe sWEemBEd Power Slipffmdyddel 0 of 1:1. This
neans that, both s '_hqhiga%éﬁransistors are each sw tchedt hrough

al t er nat Bﬁ@r’?ﬁ%?m ddgeAysh-pullGopvRIteh tine. To obtain an output vol tage
that is as snooth as possible and has a relatively small anount of

har noni cs, .t Eie sw tch node power supplies of the DC converting device may
be cl ocKEBVICAING {eams B FogRsPoRAingly swiehiao thedtangipimes af the Awitt®dBower suppl i es
are cl poketkupply hag eZAPEdEHPEH as abﬁtchﬂ%?uhms&&%%aﬁic@&té)ﬁd‘weﬁequency of the
system 7 8%'%58' ble with respect to .interferences of the DC voltage
on the aqr%“ﬂ =T. ftipaleqpasginle thnd e switehing raeapsis desiogped #he DC converti ng
devi ce mmhyrig®r.cl ocked with respect to one another in phase-shifted

fashi on. To produce correspondi ng harnonics only to a small degree in this
connection, a phase shift in the clocking of neighboring swtch node power
suppl i et apyshisill Edrivertér Aathedst twd sviichidQraRsIStBe fardhscti it spdrag/h mode power

suppl i eg of the DC voltage copverting device. Hence, the rase shift is

such th H”ﬁ'@:‘pﬁbr"i?q?- Jyap e‘ﬂ'ﬁ[}e‘t ﬁ&\'ﬁe%%%hiﬁpﬁsmyemwed@ﬂa@@ n in phase with
the firmbdswit & blotieto GFAVE This Wikahy/théthot switchiffegRistdié breeach

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 ciocked 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). S
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also data in particular via the coaxial cable connection to the DC volta

_source, a data signal couplingldecoupling neans nay be arranged upstream
of the filter nmeans in the direction of the DC voltage source. Said neans

serves the ﬁﬁg};‘ﬁ{il cation with the DC vol tage source that is p055| bly far
away and wi the further neans |ocated t her&ERRIUET onuni cati on

connection al so serves to nonitor, control and, optionally, regulate the
conponents of the DC voltage converting device and the electrical
consuners connected therewith via the cable connection. To nonitor,

contr ol 1‘%’1:% érﬁ%ﬁkéﬁﬁa nr}:fartfé%lr \ﬁé@l@r&g+){]éel g%g@dﬁbﬁtc%e bb%!tii{élevm tage

converting ‘devi ce tro e assigned at |east to the DC
vol t age sogroenacdatd mmaﬂmmfdﬁnwmmmeméﬁtag alﬁmﬂ@@fea”}‘kfﬂ@ver t he

control kﬁérnﬁ%s?tﬁgdﬁ)&lor{cﬁﬁ%@ﬂé 1a§afs&frc99§§iﬁh{ebﬁ§éen?é§rt‘l§émers suppl i ed by

the converti ng ge and may nonitor the same in their
f unct i orommunicationyvitb the DGeltegmeaurse that is pasgjbiy far ipway @d Wilhell®bnsumers. To

P renoc: T R RO Bdd AARTTRC I Blcaforf SFRUIE ALY SheiagNeC | on 11 LN S

respect a {0 sc nput side substantially
conpl et alopitert cantrel andanpaonailmegudaﬁ@thelcgmkoneais e DGvoltagf t ch node power

suppl y F??thrﬁﬂ 'd?ﬁ&é‘&drtﬁé‘&%tﬂal ddhsurkdré chriteBBE Pefcdh@R vik thdEabrnNd, i n

particu e range 50 kHz to 300 kHz. in this connection each

swi t ch pohectimiwer supply can e.g. be readjusted in its output voltage via
changes in the duty factor, in particular, in case of failure of another

svvltch node power supply of the DC voltage convertlg%; e[\w ce. In the
J)pl es¥o U‘@EléorapqnﬁehﬂnéSQQ#BFﬁth%FOW%EOWIQFFGB‘PWFF&é@e YOGS t ch node power

ts‘rlgg's%’sgﬁﬂeﬂlﬁé BevibeAdfsity] FecntrGIRAREF bl BssighBd eiibast forRé OC vekagehe swi t chi ng
converting device and the components thereof. However, the controller may also be :
responsible for electrical consumers supplied by the converting device with DG
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.

L

In the simplest case a readjustment of the output voltage of a switch mode bower
supply can take place via a change in the duty factor of the switching transistor.
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transistors accordingly, the switch node power supply may corrprl se a%u?ﬂaﬂg
nodul ati on neans for the clocked control of the switching transistors, the
pul se nodul ati on neans suppl ying a sequence of pulses of a variable wi dth
and/ or hei gi}, (ﬁ;agﬁlqr frequency for clocking the switchin tran5| stors. In
connection wt e filter neans, it,should additi on&f] &%hent i oned t hat
said neans filters, in particular, the frequency range within which the

conmuni cgti on connection to the DC vol tage source takes place. This neans
t hat onl yO&ontohiae switehing feaneistors saepsdiegly, te udiclemgde mWeK$HPPY 2y | t er ed.

el atl v ebofHsHRl s Mool BRARARAL 1P thelddok&f dnffdiBr B ftchip' | C1 ent . The

control |l er 'used accor @Q& e I nventlon can ned inits
noni t or i B@Nsistasmdie s lqtlwamearlssmiwﬂq)ageqye@peon‘ﬁésas gvi dual switch node
power 5Uﬁé?iabl@%wdtﬁ%R@)’Bﬁ%ngh@ého?d?ﬁ’e E%Pclﬁékrpg d SRR NGis, t ch node pover

supplies and the | ocation of sal svm [o e power” supplies within the DC
vol tage converting device and sends an alarm nessage in case of failure of

a pr edet RicBhARHorWIFPBE fifdr nfdhd, ﬁghéﬂkfiﬁ‘ddﬁﬁﬂﬁfy be%&éﬁ@éde@ﬁ'nat ddi¢ cor responding

information of the controller can be transmtt via the coaxial cable
connect i BeAnsdiltensen pertigyas tgdrequpneicanganwithin whichiba cergmynigationay, and can be

[ eI €5 NSkt ding DeYolkgihiroe BReASR! RO RRHS RARANITBAL of the invention

shall now be explained in nore detail in lowm'ng with reference to
t he f|gJFGSBe'Wt"%Rﬂ‘?&ﬁUP@Q%éoéiﬁéwfﬁg'ed|RP|W?‘Eﬁ'mPIE|Q§d inexpapsi¥e b| ock di agr am of
an enbodiram e @lis blfciée vol tage converting device according to the

i pvention; Fig. 2 shows a basic enbodi ment of a switch node power supply
fiorf use in the DC voltage converting device according to Fig. 1; Fig. 3

shows  a Ty lcbntRiliectiRd RbsdrdiRg foltheaARYBET @h RebiBfedINits AbhildREe Power supply
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 embadiment of the invention shall now be explained in more detail
in the following with reference fo the figures attached to the drawing, in which: -

P

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 to Fig. 1;

Fig. 3 shows a full-bridge push-pull converter as the switch mode power supply
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4 shows a hal f-bridge push-pull converter as the switch node power
~according to Fig. 2. Fig. | is a schematic illustration show ng an

enbodi ment of the DC voltage converting device | according to the
I nventi on. verting device 1 conprises a plurality of DC converting
units 5 in %Egmﬁ%?lm of switch node; power supplies SCTHHEYETare wired one
after-the other on the input side and connected to a DC voltage source 2
via a coaxial cable connection 6. The DC voltage source 2 may be arranged
at a renote pFcacingtefig. Z@ndth of the coaxial cable connection 6 may here
be several kiloneters, for instance 50, 60 or nore kilonmeters. Afilter
means 7 is arranged upstream of the DC voltage converting units 5. This
means f i T8¢} ghows g halibridge nush-pulbconvesiguastby switthgwda eed@dugnly a communi cati on
connecti on tghcg,aﬁ,gqg:ﬁg%t age source 2. The filtering operation nmay e.g. be
carried out withrn a“frequency range of up to 50 kHz. The DC vol t age
converting units 5 and the corresponding switch node power supplies 8,

respect ip(g,:l-;ysammégém%%ﬁ%vﬁ{q%bggg%wﬁnwgf Qﬁbwgfta n their output side

and connected accordi ngly a I'e conneéﬁlon he cabl e connection 4
| eads tE8N¥ring dgwiee baecordingde thedaMentiodnsumer 3. Such an el ectrical consuner
may e.g. be an actuator for a means for controlling a fluid flowinto a
fluid line or within the fluid line. Such nmeans are e.g. valves, shut-off
devi ces 18 FOVRRIPG ERVSP epspesess plyralily of RGranyertingunite Stinbafemef or the |i ke,

t hr ot t | @witch nitid i tl‘%ﬁﬂ?&? : l.aned to them are
possi bl é %éiigqigogggweﬁﬁﬁglgﬁgﬁﬁﬁgﬁs%ﬁm?ﬁg?Eﬂi&g i |%ﬂpﬁlﬁfélg€ch. The means

and act eqie lo Qo valiage spurerrjdaia aerxist odblectonnertien 6. To BCcan enter into
the ducisitagé scurdtl DRaPbEatatigd aHtehsie W8 3ADRAJH ot Re coaxial cable

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

Afilter means 7 is aranged upstream of the DC voltage converting units 5. This
means filters, in particular, a frequency range needed for a communication '

~ connection to the DC voltage 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 parallel with one ancther on their output side

and connected accordingly with a cable connection 4. The cable connection 4 leads
{)  toatleastone electrical consumer 3,

- Such an electrical consumer may e.g. be an actuator for a means for controlling 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, throttles,
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
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pollute the environnment, so that a corresponding nonitoring and n I2
the fluid flowis of utnost inportance. The neans and the actuators
assigned to them as well as the DC converting device, nay be arranged
bel ow sea | evel. The coaxi al cable connection can be laid up to the water
surface to Y81t espondi ng DC vol t age source. |t iRCTAP&HMBDSS| bl e t hat
means and actuators are arranged or’ the surface of the earth at a place
that is difficult to reach, and are controlled and nonitored accordingly

froma rgwa%dah@bacﬁgl . ?Aﬁre@@@tmehbiﬂmaﬂﬁﬁeh@gr@ﬁ&}a?ﬂﬁﬂu@&l&é eastltO_the EC vol t age
converting.device or _nonitoring,, contro equl ating the
correspoﬁ%ﬁ'ﬂ@??g&ﬂéhat?ﬁ?réesemmq pring gRd c%ﬂ@!ﬁﬂﬁ%%ﬁ"ﬁ%Bﬁt rol or regul ate
t he el ectirrostampancaimer (s) 3. For the transm ssion of corresponding data to
the renote DC voltage source 2 and neans further assigned to said source,

a data coupling/decoupling neans 16 may be provided. This neans is
ar r angedThiyrasane ana theactliatoiseissigieans thémbed weless the DC ebnveriiB@bévick, and DC vol t age

source 2. rresponding data signals c be coupl e n coupl ed, for
et ancanagk? FiEbRiRGededo Ry She ReL IR sonor o8 De i o e

connect i waterGudace ﬁm e gdaé@omrgpbd: ng{agee@msd. itﬁlga!fm;iamsiblemac s cat idon )
connectiQ i s, there estapl i she t ween DC vol.tage.source 2 and the
means as r&gaﬁfgatorstqq%%%' SARY Isg'gacf’ﬁgt W@b?ttaa‘ﬂ%ceéﬁ&eq'fﬁ?'ﬁﬂéo device | and the
el ect ri aehchcanusaneresrirolfied ahdpnitered Bycoidirglydew £@moldgaceomuni cati on
connection is bidirectional, so that data can be exchanged in both

directions via the coaxial cable connection 6 and with'the controller 7.
Firg. 2 ifscomtrallenp? isfasgghed dt isastriathe @C wittagd cvgvertingddvisdiifent of a swi tch node

Fro. 1. HBirtacoos BRI e oe Solo B S ob iR, O

also monitor, control or regulate the electrical consumer(s) 3.

For the transmission of comresponding 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 sighals 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
controfler 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.




10 The switch node power supply 8 is formed by a push-pull converdef MAR 200§
Said converter is serially connected with further push-pull converters on
its input side to corresponding input terminals 26 and 28. The push-pull
converter 9 conprises an input capacitor 25 and a transfornmer 24 which are
wired accor gphgy M th the input terminals 26 and 28, The transforner 24
conprises a primary winding and a ggcondary w ndi ngPCt”ﬁﬁcF’ Uf%e coupl ed
magnetical ly.” The primary winding is connected in parallel with the input
capaci to 25. The primary winding is controlled and cl ocked accordingly via
a switchi %Svﬁ%ﬁgdqaoweﬁpquﬂy@ 'EL@'H%'EHP‘@BTWMQFUP“&JS’ 8fd switching neans 11

is for rreebrharte%%eﬂélly%em%rcﬁzh WItEMrﬂmeﬁ]duQ&pﬁtr@ﬁ?érﬁtﬁrﬁt dﬁ;ﬁ@sﬁé gs- 3 and 4.

Preferably, such a switching transistor I1s desig as a power MOSFET,
Bl MOSFETCHtesRanging gpyttermingls 478 Preusiapull @nmerﬁuc@ramseﬁam. g. 2 shows the -
swi t chi niﬂpu%é\jh%ut&%%ﬁ&"@%hé?&h’evﬁwhu&%e %e@a&ﬁfdir@ll} witf @d iRspondi ng to four

switchin tranS|stors andtwo sw tching transi st respectlvely in the
enmbodi meffitnEnals 2R Andi28 9@}5‘5“5@”@&18440'“%@5 g etma aindingiandiang is wired via a

di ode Z%eﬁﬂriﬂa? vhﬁlﬁtﬁb tﬁét di'@c&iﬂleglﬂagh'ét[cél@r méﬁtmaw nding & coffitiedl may e.g. Dbe

an i nductor sSnoot capacitor 22 is connected
in paral'FQF’a W’WHJWE &it9F ¥5-wi ndi ng. The output ternminal 29 and the
correspondi ng output termnals 29 of the further swi tch node power
supplie%mg and the push-pull converters 9, respectively, are mnred in

seri es RABAY Wé{tﬁ’tstgn%?or%tﬁttﬁdc%ﬁﬁ@eteééctqsdlﬂ%weawicmmm@. dn 4; see Fig.

1. The fontHelpash plmtcﬂH\Fertbneg @afﬁwﬂ&@n&ﬁeérﬁ%%ﬁr%@fybn@ ofigeverhl he push-pul |
converter the also further output termnals 30 of the

ot Her p&’é’ﬁgt!ﬂﬁfa"%t}ﬂveﬁeé}ﬂ%s B gnd 4.direfarably; gugh @ﬁwwgé@ns'#Pug 3 and 4 show
two det abbigrbdesb@AweEMOSFET, ERVOSBET &rithyris®oR Mtk Plrpdse ofl 7 MAR 2006

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 fo an output terminat
29. The load 21 may e.g. be an inductor 23, see Figs. 3 and 4. A smocthing
~capagcitor 22 is connected in parallel with the secondary winding.

~The output terminal 22 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.




WD 03/ 026111 PCT/ EP02/ 10467 11 The push-pull converter accordind 7 oMaR @gps
'is designed as a full-bridge push-pull converter 10. In this converter,
the switching nmeans 11 is formed by four switching transistors 12, 13, 14
and 15. Two of the switching transistors are respectively conbined and
serve in qurs tQ supply the input voltage fromthe DC voltage source 2 to
the primry "OH8thg, the pairs of switching transi SRGEE2H¥Fhg control | ed
in the push-pull node. The push- puI1 node takes place such that the duty
factor of ‘the two pairs is 1:1 each time. A pulse nodulation neans 18 is
provi ded for the clocked control of the switching transistors, This neans

suppl i es | t.h e variable in their width and/or

hei ght an /eﬁj?g?%q%ggﬁ%nfpgéfﬁ@%m? Ellg' %%ﬁ?'%ﬁdﬁaﬁé’g’fg@’iﬂ“ﬁ@upeaI i zed by a
corresporf@nyagteel®ctronic circuit that is known per se. It is possible that
the duty factor is changed on the primary side and thus the corresponding
out put voltage. This takes e.g. place whenever one or several of the

.pusE- pu: :ln thisrmpaverter, $hedswitahvieg m_aérlsgd.isfaaﬂdl ibfgr(fotfr@ivitc_thlir? tﬁgﬁsiﬁm’@ﬂillbea of ]
push-pul l44 t e T vpl t age can. sti Jbe supplied on the
out put si db@ﬁﬁﬁ'eﬁof%f%%ﬁ%@n% 151501 3¢ £5R 'I"?%F%‘"‘?'Pﬁ%"ﬁﬁgr&ecorrespondi ng
control mmﬁﬁ S!mpl}ytﬁEaiUplﬂnrolt@e&or?_ltheiDtbmlag@sdq[fbdmtlg&ﬁrm\&y_ ?/;)I tage of A he
remai ni ng, ; 1o, requlate the ou vol t age, sai

vol t age cel{ﬁmg'e {)g%ﬁeogg@gﬁﬁgﬁéaﬂ??'ﬁ bgapg? °h?ﬁ'f3t QP”SB'EQLm?ﬂey amplified and
suppl i ed Te®pysheubmbdetareiace sudnthatibanduty fastonof thotwegriisart esker el ectri cal

i sol ati Ofype ! n the further enbodi ment of the push-pull converter according

topig. 4, said converter is designed as a half bridge push-pull converter
19,/ In this case, 1 7 MAR 2006. WD 03/026111

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.

tis possible that the duty factor is changed on the primary side and thus the
corresponding oufput voltage. This takes e.g. place whenever one or several of the
push-puil 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
femaining. push-pull converters through a corresponding control of the duty facfor
and an increase in the oufput 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,




12 PCTIEPO2 /10467 essentially two switches are formed by a swi t dhf ngap 2005
transistor. These switch the primary winding to the input voltage '
altematingly in push-pull node and non- overl apping fashion. The
correspondi ng di odes on the output side are also conductive in alternating
fashi on. Th@o%ﬁﬁaﬁ{orner 24 operates w thout direct current because of the
synmetrical = opération. This, howevgr, is only the C&S&F®%{he ON periods
of the switching transistors are exactly the sanme. This can be
acconpl i shed through a corresponding control by the pul se nodul ati on neans
18, whi cpssestialpiwoshiiohesiare foimgas by 2 switehing trapsistor. Abessasvdiciothe si npl i fi cati on.

W7 -MA : t i whi ch on the input
side i SRglﬁﬂ%g\gﬁgiﬁbt@hélr@%%%%ﬁ%@&%H%rﬁw%gﬂ@tﬁ de:ﬁogut put side, supplies
a conver e\edapphgfashiang éhe eoreespinding dioderondhe outputside aspdlssuner via a cable 5
connect i -ﬁgﬁ%d§hthat the DC vol tage converting device
conprisegﬂgugﬁﬁbgﬁ%f%h vol tage converting units of which each is
serially connected to the DC voltage source on the input side and

connect efhd hnbrdfnit bf bpdlaisbwitifis G ErEABREAIS OB lyhfdnayt put i de for
suppl ying the converte voltage to the at _eas¥ one el ectri cal
consumneropejgien.dihis, haveven, israalyitigcase if the QNbperinges otibedwidhingg units are cl ocked
i n phasazsi g%ﬁm; |2t i ) f : vol t age
convert?ﬁ%gﬁ%5$%% |cﬁggﬁﬁgﬁ@%fﬁgh%gg%@gmﬁgdcon g?fgg&?gﬁgggc vol t age
source GgRio! by etphise sndplationsmenns 18,whishiisrot shewsnio &igsetiandd 0ol t age to at

| east OQﬁegéks%féiﬂnﬁlﬁiE figansunmer via a cable connection, characterized in
tsi% t he DC vol t age %eV|ce conprises a plurality of DC voltage converting
15.72units of which each is serially connected to the DC vol tage source on
the input side and connected in parallel wth the cable connection on the
out put side for supplying the converted DC voltage to the at |east one

el ectrical consuner, characterized in that a DC voltage fromthe DC voltage
source in the order of about 1kV to 10kV.




20 3. A DC voltage converting device which on the input side ngpﬁ@gﬁﬁggo
to a DC voltage source and, on the output side, supplies a c er

voltage to at | east one electrical consuner via a cable connection,
characterized in that the DC voltage converting device conprises a
plurality of DC voltage converting units of which each is serially
connected to the DC voltage source on the input side and connected in
parall e 1 t he cabl e connection on the output side for supplying the
converte 25 voltage to the at | east one electrical consuner,
characterized in that the DC voltage converting device IS connected via a
coaxial cabl ection to rce. I

converthng dbPCCRMEERdRT dee, ik Bn B 345 onitered <o B ol B Souree

char actaadj oneﬂe blnputisilde,tsulbﬁiles Donvertet Igevatapy@rat lemrg ontealewe:amnmnesem azaile | t er

means cgnne an1t r eof the i si.de of the i tage
Comdor Rt petRRHESA DR B vol s vep R dvirs o A Pl eI £ kB ge
up to &ﬁdﬂelrlzag ubBs bf i’rthABacﬂ(lﬁ) Gerﬁlly Bornettsthiot thg B(I:@ll’t}d@rstouﬂ&g ofi éhsl iaput acleandli ng

to any one t he rec ai ns,. char cterlz that the DC

Conver (PR it PREte G4 qhb tros SuE oL QB b HIP oo BENEE T BBt e kg
at a neltfpeds dakeltast didRlebbicH banswherf. A DC vol tage converting device
according to ne of th ecedi ng cl ai ns, chara r|z t he
svi teh mode ST D8 HITL O i Falaer STl r doda o pEeseiieb 6k and
30Q 0k Hzelatfe tdoddan¥iBét age converting devi ce according to any one of the

preceding clains, characterized in that the swtch node power supply is
desi gned as a push-pull converter having an output voltage 10 supplied to

a pul se, W diAhpODBAIHARBfivertfhg doviEXGWNIGh bRER iHAPVIBE Isi BheBIBY tCLDBGLRES sBkcd O any
one of the precedln claims, characterized in that the switch nobde power

suppl y 2nd o das Quinusides supplied 4 copyariad DCoipktpgesa Pt leasboreelacksicalicahsupist WA 2 icAliRict i ve
| oad 0oRoAdRGiRUHRME S En thléhé;})c'%o%e w%&e&ﬁlpﬁsya\éeﬁmggomy vaeg@e&n&qhgg to

any one of the precedin %@c aims, characterized in he switch

wer slalﬁﬁowfyﬁtafél apgh iscPially crrngeisd @othepﬁs@étagwur@fp omrﬁaeenw@cmdmgmwted m
t r ansi $5.afid withfhe GbRUBHTRH onCtHé'BﬁtQH IRk 'f&%upﬁlﬁﬁg WL ERHAODE VARG S St

sel ected fromthe group conS|st|n?
least one electrical consumer, characterized in that a DC voltage from the DC voltage source in the

order of about 1kV to 10kV.

20 3. A DC voltage converting device which on the input side is connected to a DC voltage source
and, on the output side, supplies a converted DC voltage to at least one electrical consumer 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 on the input side and
connected in parallel with the cable connection on the output side for supplying the converted DC

25  voltage to the at least one electrical consumer, characterized in that the DC voltage converting device is

cormected via a coaxial cable connection to the DC voltage source.

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

that the DC voltage converting device comprises a filter means connected upstream thereof on the input

30  side of the DC voltage converting units, the filter being configured to filter a frequency range up to
'50kHz.

13




MOSFET transi stors and BI MOSFET transistors and wherein the sw tczi Bg ;
transistors are directly 20 connected to a prinmary side of a tr'ahs Br?tgp
of the switch node power supply. 10. A DC voltage converting device
according to any one of the preceding clains, characterized in that the
switching transistors are clocked in push-pull fashion at a clock ratio of
1:1. 25 11. A DC voltage converting device according to any one of the

precedi pg cl ai characterized in .that the swjitch de,_power s |i.es of
bhe DC Vol t 480 OIS Pl Tesatosordg Py ol Pribemeetig Sy chpseteiied i

vol t agethaghw BCtvohgpedemietting ani df disigged B8 aadlyckehsvieh nidde ppracephlnglociedians,
characte ize% '%hn 5[} t the swtch node power supplies of the DC voltage
conver tTHF GV "&8>aF e cl ocked in phase-shifted 30 fashion relative to one
another. 14 J 7 MAR 2006 13, A DC voltage converting device according to
any one_of t preceding cl ains, characterized.jn that a phase shift

dur i’ng the o DGt P e ABGT REFTORE oY Bt tb%méﬁegdgg pRiFetaEsRprdes a
phase thdtithetswitbh thode polversuply isheinAdResckaf at b Rle 1Std-det B0 RHE endBOOREzSsUppl | es of
t he DC vol tage converting device. 5 14. A DC vol tage converting device
according to any one of the preceding clains, characterized in that a data
coupl i g/ decoDpPlvolige KBRRRing Jevdd :BOHGH: RS 8a¢ 6F tR preda8ing bhin®! cHIRBRSzddMn t he
direction of th DC vol tage, source. [ 15. A DC voltage converting device
accor ditha teos W? mofls rotver PPl e dstiensd a8 12apuipult ﬁ%{fvgfgqréawwniqﬂtp%d&ge

conpr olshshlicd & Aubkt 9BEmadud§ast to the DC vol tage converting device and the
conponents thereof. 16. A DC voltage converting device according to any one
of the preceding clains, characterized in that the clock frequency of the
swi t ch ghode ADEWEHIRE BRlvErih dWideREDrdilSo AP O &ffthel_]@eééﬁi'ﬁ L& Rk RAR] one 1
MHz and, in particular, within the range of 50 kHz to 3060 kHz. 15 17. A DC
vol t agdhat Bxvwiteli mededevpicupply olesiznrg as é%elhlgﬂd@ﬁ pushfpull genveries hevingign Bt |

char act&lyiog @l dutpue 22t each switch mode power supply is readjustable inits
out put voltage, in particular in case of failure of another swtch node
powér supply of the DC voltage converting device. 20 18. A DC vol t age
conver i ng - e - cl i oo

char acter 2ot notE S B R A 0By N RTEEhREIf S, BRrspcrncd in

var i ablthat the switdhadgde povergupiie asountiiohing welitsggmpiides twoswimordiswitching transistors, in

a push-pull configuration, the switching transistors selected from the group consisting of power

MOSFET transistors and BIMOSFET transistors and wherein the switching transistors are directly

20 connected to a primary side of a transformer of the switch mode power supply.

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

that the switching transistors are clocked in push-pull fashion at a clock ratio of 1:1.

25 11. A DC voltage converting device according to any one of the preceding claims, characterized in
that the switch mode power supplies of the DC voltage converting device are clocked in synchronism.

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

that the switch mode power supplies of the DC voltage converting device are clocked in phase-shified

30  fashion relative to one another.

14




node power supply in response to a failure of another swtch rm?ig4 wer
supply. 19. A DC voltage converting device according to any one Aﬁe?ﬁﬁﬁ
preceding clains, characterized in 25 that the switch node power supply
for the clocked control of the switching neans conprises a pul se nodul ati on
means whi ch output a sequence of variable pulses for clocking the one or
nore swtching transistors. 30 20. A systemfor supplying power to an

el ectrigal dewice, the system.conprising:. a sourcge; a.plurality of

DO BC. chvers BEa ot pieie AR ForeBie b 5 e P S b o s itre hoeiritief ¢ o
the DC thﬂmr}ﬂﬁse\/slh? Aiting |t]ﬁ30dld$d1dh§|ofﬁa'glﬂ:rbﬁ'hg)Ewi&ihdnd#@@b&hﬂ’hu@pﬁe@:db%pﬂés 4 PigsdC/ DC
converter r oyl a converted. voltage to, t electrica evige, 15 J 7
MAR zodglﬁﬁfgfne‘}l?\ St e@“m%ﬁ?‘glt‘?etsv’“%mﬁ%lﬁﬁlf%‘éﬂﬂ&ﬁ f’g%bﬁé’e 85 SOWCHING AVESE:
voltage fromthe DC source via the electrical conductor and convert the

hi g vol t to a | oner .voltage using only environnent A cooling. 5
21. @Tﬁ“sysrfiﬁﬁdﬂoﬁﬁez&mﬁe@@g a‘flfﬁr?é?m%ewr%ﬂg Pﬁeg"fég%ﬁﬁﬂeﬁlﬁg Flammscelaprieteed & each
of the hX/aldata BOFHMBAIERSliHEANEQYI st NBstin HORE fifisedahOMShOfirRacofké DC
convertqé nd to specifically identify failed DC DC converters. 22. The
syst em'&f VX187 B¢ wherein the controller is coupled to the electrica
device to regulate one 10 or nore functions of the electrical device. 23.
The system of ¢l ajm 22 further conprising a data coupling device coupled to
the el detri P veltaga Genverting AeVieerRecasding fogny enc of irarreseding Haimsagharasterast ith g
devigce al SntRfieF 8 RsRinddar 86 HRE BCARRb el bR D Bevi A6 ielctRbofdRY iefofNd Provi de
the data to the controller while power is supplied to the electrical

device. 15 24. The system of claim 23 wherein the data coupling device
coupl eggdat @ - ar - ' 0N (ST IRYY sV wer
is supplied t%@?ﬂE%Eﬁg@???%g%&ﬁgﬂ%ﬁgﬁygng#ﬁ§k§§§?%ﬁ§§%gc ai%122 e?gin

t he cothat Bielcioek fequengysof ghef sifchy mede poveer BEPDGs avithingthe wngeaefd 0 kHz to more than

one 1 MHz and, in particular, within the range of 50 kHz to 300 kHz.

15
17. A DC voltage converting device according to any one of the preceding claims, characterized in
that each switch mode power supply is readjustable in its output voltage, in particular in case of failure

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

20 18 A DC voltage converting device according to any one of the preceding claims, characterized in
that the duty factor of the switching transistors is variable for readjusting the output voltage of a switch

mode power supply in response to a failure of another switch mode power supply.

19. A DC voltage converting device according to any one of the preceding claims, characterized in
25  that the switch mode power supply for the clocked control of the switching means comprises a pulse
modulation means which output a sequence of variable pulses for clocking the one or more switching

transistors.

20. A system for supplying power to an electrical device, the system comprising:
30 ' a DC source;
| a plurality of DC/DC converters, wherein inputs of the DC/DC converters are
connected to the DC source via an electrical conductor and wherein outputs of the DC/DC

converters provide a converted DC voltage to the electrical device,
15




20 causes other DC/DC converters to conpensate for the failed DL//DMAR 2006
converter. 26. The system of claim 21 wherein the controller independently
controls an out put power of each DC/ DC converter. 25 27. The system of
claim 20 wherein the DC/DC converters are in a spaced relationship with
each other such that heat fromthe DC/ DC converters is dissipated w thout
the cooling nmechanism 28. The system of claim 26 wherein each DC/ DC

converter conpri.ses Wit chi mechani sm t hat rmts. th put power of
cach DO e okt B pRe e IR R SRR s - e PG s Shah e inets B 40
si gnal . the &ectddaBecmilisdi® FhdEondrith8hidh DUIteiento b Revef DLaoliae asipg ady Enviroahdne
el ectrical, conductor. is used to control the electrical device. 16 A 7 MAR

2006 30°°%4Me system of claim 24 wherein the data coupled to the el ectrical
conductor is used to monitor the electrical device. 5 31. The system of

claim 24 wherein the data coupled to the electr,ical nduct or .i s to
moni%t or2l- t helheayssem fncapy &¢ durthgn comprising, & cantaller eougierh 1o ceaply, of sy Befisc

conpri SdoRerteR tf)irégtiﬁ’ie SRUR B6ke BRINBRN It dAeh DC/IBOUbSR@hdtth pecBchIBCidentify
converters, wherein a frequency range up to 50 kHz is filtered by a filter.

10 33. filed Y/BCapn$ries] ai m 20 wherein the el ectrical device is an actuator
to control a fluid flowin a fluid line. 34. The system of claim 20
wherein the electrical conductor is a coaxial cable, 15 35. The system of

cl ai m 32- wheheisystanhef cain 2 whergin teaneauelicnis cpuplegrie the cltsiried dayies th te08figt h
up {0 £kl 4,008 s%f’%heéfé@mc%ﬂlﬁvi%é{ﬂ em of claim 35 wherein the electrical
|

conductor Is at least two oneters in length. 20 37. A systemfor
supplying power froma sea surface to a subsea |ocation, the system

CONPri Sj3Ng: mye system of claim 22 further comprising a data coupling device coupled to the clectrical
conductor and the controller, wherein the data coupling device is operable to decouple data from the
electrical device and provide the data to the controller while power is supplied to the electrical device.

15
24.  The system of claim 23 wherein the data coupling device couples data from the controller to the

electrical conductor while power is supplied to the electrical device.

25. The system of claim 22 wherein the controller detects a failure of a DC/DC converter and

20 causes other DC/DC converters to compensate for the failed DC/DC converter.

26. The system of claim 21 wherein the controller independently controls an output power of each

DC/DC converter.

25 27 The system of claim 20 wherein the DC/DC converters are in a spaced relationship with each
other such that heat from the DC/DC converters is dissipated without the cooling mechanism,

28. The system of claim 26 wherein each DC/DC converter comprises a switching mechanism that

permits the output power of each DC/DC converter to be controfled using a pulse width modulated

30  signal.

29. The system of claim 24 wherein the data decoupled from the electrical conductor is used to

control the electrical device.
16




a DC source for disposal at the sea surface; a subsea electrical qungRzm%
and a plurality of DC voltage converters for disposal subsea, each having
an input side 25 connected to the DC source via an el ectrical conductor
and an out put side connected to the subsea electrical device. 38. The
system of claim 37 wherein the electrical conductor extends subsea to the
subsea el ectrical device and wherein the electrical conductor has a snal
cross-section designated to support up to 10 kv 30 of DC voltage and at

| east 3 anperes of current. .39. The system of claim 37 wherein a frequency
filter 3gs plBeeghebi@an MRthelda HOWIE oupRd td he cledtfitdl c&ridd@oraf uRa e mBiGtor

vol tage caonverter to filter a frequency range up to 50 kHz. 17 1F7 PAA R
2r 40. BhEeE &Y%t cl ai m 37 wherein the DC converters are in a spaced

rel ati onship with each other such that heat fromthe DC converters is

di ssi pated w thout the need of a cooling conponent. 5 41. The ¥sten1of

cl aidm 3 f urkbseystsnyed qaim?g whersdhibe daty equpled ta-the glssteeal sondugtor;is W@ GiRonitopC
conver t@f pcandeqmadags ot her DC converters to conpensate for the failed DC
converter. 10 15 42. A systemfor supplying power to a renote el ectrical
device, the systemconprising: a DC source; a plurality of DC voltage
convertors egghyiay oPelafi 20 MRkkr SRfdrRink % ARPRGHADhRch IR BE o hfenmand
each having an output connected in parallel to the renote electrical device
via a Q%(Dgfw@mrtprsm@r@il niredvengystnge Hp B S0 i Bifrrddyadilies at | east two
kilgmeters. 43. A systemfor supply power to an electrical device,
conprising: a DC source; and a plurality of DC voltage converters each
havi ng 38n i Apesystaar pfldim 28 orhersint el clegricah devide is amrptusior snepnelaHluid o wdn an

out put gonpected in parallel to the electrical device via a conductor,

34. The system of claim 20 wherein the electrical conductor is a coaxial cable.
15
35. The system of claim 34 wherein the electrical conductor is under water and has a length up to
60 kilometers.
36. The system of claim 35 wherein the electrical conductor is at least two kilometers in length.
20
37. A system for supplying power from a sea surface to a subsea location, the system comprising:
a DC source for disposal at the sea surface;
a subsea electrical device; and
a plurality of DC voltage converters for disposal subsea, each having an input side
25 connected to the DC source via an electrical conductor and an output side connected to the

subsea electrical device.

38. The system of claim 37 wherein the electrical conductor extends subsea to the subsea electrical
device and wherein the electrical conductor has a small cross-section designated to support up to 10 kV

30  of DC voltage and at least 3 amperes of current.

- 39. The system of claim 37 wherein a frequency filter is placed between the DC source and the

input side of each DC voltage converter to filter a frequency range up to 50 kHz.
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20 wherein at |east some of the DC vol tage converters are conffiglir gantsege
provide different output voltages. 44. The system of claim43 whereiﬁ“gt

| east some of the DC voltage converters have different constructions for
providing the different output voltages. 25 45. A system for supplying
voltage froma surface of the sea to a renpte subsea |ocation, the system
conprising: a DC voltage source at the surface that supplies a first DC
vol tage; a subsea cabl e extending through the sea to conduct said first DC
voltage; 30 a plurality of underwater DC voltage converting units serially
connect4dd orThaRystaapoll cldind@ whereintBe DE bR RS akRlifa sfabal Platidndhip tith@hch other

under wat er val t age._converting.units convert the first DC voltage to a
second W??ﬁfﬁ@@%a‘ﬁ? Djigpmysiert § Uisspuipduiie B need ol eoslive SYROBMY ng f 1 Ui d
flow through a fluid line. 18

5 41 The system of claim 37 further including a controller which detects a failure of a DC converter

and causes other DC converters to compensate for the failed DC converter.

42. A system for supplying power to a remote electrical device, the system comprising;
a DC source;
10 a plurality of DC voltage converters each having an input serially connected to the DC
source and each having an output connected in paraliel to the remote electrical device via a

conductor,

wherein the length of the conductor is at least two kilometers.

© 43, A system for supply power to an electrical device, comprising:
a DC source; and
a plurality of DC voltage converters each having an input serially connected to the DC
source and each having an output connected in parallel to the electrical device via a conductor,

20 wherein at least some of the DC voltage converters are configured to provide different output

voltages.

44. The system of claim 43 wherein at least some of the DC voltage converters have different
constructions for providing the different output voltages.
25

45. A system for supplying voltage from a surface of the sea to a remote subsea location, the
system comprising; |
a DC voltage source at the surface that supplies a first DC voltage;
a subsea cable extending through the sea to conduct said first DC voltage;
30 a plurality of underwater DC voltage converting units serially connected on an input side to the
subsea cable, the plurality of underwater DC voltage converting units convert the first DC voltage to a

second DC voltage for output to an underwater actuator controlling fluid flow through a fluid line.
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