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iinvention -ielates to a universal ‘energy-supply system:for.at. Ieués? g £US _5_—’_5'; B
el ectrical consuner conprising at |'east one AC'vol tage source and acable
connection connecting the source with the electrical consuner, wherein an
AC/DC converting nmeans is assigned to the AC vol tage source for converting
the AC voltage into DC vol tage, which DC voltage can be supplied to the
el ectrical consumer via the cable connection. In the case of such a
uni versal energy supply systemas is known in practice, it has however
been found t hat aw%{)}@ﬁ’y‘ is not always ensured and that tHETERINH age
produced is also in part not high and stabl e enough to guarantee, in
particular, a high power supply. Wen the AC/ DC converting neans. fails,
the energy supply of the electrical consunmer is interrupted. A redundant
systemwi th respect to the converting neans is too expensive and is very
difficult torealize in practice. Furthernore, it has been found that in
known ener gy-supply systens t heygiéisal BiRegy SupplycSyseanat i vel y poor and only

~in the order of about 50% The remaining energy is here converted into
heat. Correspondi ng cooling systens which increase the nmaintenance efforts
and costs nust be installed for discharging the heat. It is therefore the
obj ect of the present invention to inprove a universal enerqy supply
system of the abRRECTRBHINVINIER rAigiptojainivatsal enelgyPuprivYsiam kr % sf one

const rpcti onal gbdifdal énr@ﬂnﬂeﬁ’@o?ﬂibri&i tqéuxt dne Ad‘ﬁ:ltﬁ@@écﬁb‘ce%‘ﬂ@ d4bleO an
el ectrical consunmer  is guaranteed also over great distances and a
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voltage into DC voltage, which DC voltage can be supplied to the electrical

consumer via the cable connection.

In the case of such a universal energy supply system as is known in practice, it has
however been found that a supply is not always ensured and that the DC voltage
produced is also in part not high and stable enough to guarantee, in particular, a
“high power supply. When the AC/DC converting means fails, the energy supply of -
the electrical consumer is interrupted. A redundant system with respect to the
converting means is too expensive and is very difficult to realize in practice. '

Furthermore, it has been found that in known energy supply systems the efficiency is
comparatively poor and only in the order of about 50%. The remaining energy is
here converted info heat. Corresponding cooling systems which increase the
maintenance efforts and costs must be installed for discharging the heat.

e

It is therefore the object of the present invention to improve a universal energy

| supply system of the above-mentioned type in such a way that with small
constructional efforts and with low costs, the energy supply to an electrical consumer
is guaranteed also over great distances and a corresponding voltage supply is
stabilized, the efficiency being reljatively high at the same time and the system being

redundant.

-




PCTI EP02/ 10468 2 Thi's object is‘achieved in connection with the fgaﬁuﬁﬁﬁ,%% .-
the preanbl e of patent clai:m-l in:that. the-AQ:-DC:converting. meand | :F L ﬁ*;]
conprises a plurality of ACCDC converting uni'ts which are connected in
parallel with the AC voltage source on the input side and serially

connected to the electrical consunmer on the output side, each converting

uni't being constructed as a clocked switch node power supply. Due to the

use of a plurality or nmultitude of AC/DC converting units, each individual
converting unit is only responsible for providing a specific anount of the

vol tage needed OW° ¥A%Mutput side, if all of the convert iPGHEMAIGE are of a
simlar construction, each individual converting unit provides, for

instance, only the nth part of the neces&ary output voltage. In case of
failure of one converting unit, the output voltage is only reduced by the

nth part. This decrease in the output voltage is so snmall that e.g. with

10, 20, 30 or niwieolgesteadhiengd inrbhrecion vt fatieres of tha gpecamblemf patefit t he

el ectrical consyper, i il sured. Since power and ene re

i str buted- ovet By el e Al 8B pa RerrSefbfsts A0=BDBHAYBENGi g power
| oss of each coconeertingnonitsmwhichiase amhgcletin peratie dvith tHeoAGavaltegensaurcelop thes mal |
anmpbunt of heat.. Thi.s, anpunt_,can .b jscharged,in an_ ea by air
U ded pastt heEsoie P et BihndSindlodny Geciica) s e T Aty ofp baun

conpl i cat ed andconpating imiybeingi cohstmiated es & ploekesli switcramokespopensupply. cool i ng
systens. This is in particular true for high powers within the kWrange.

The smal|l power | oss and the high efficiency of the converting units are in
particular dueDuedotiteeusbad & ptufeity o noitikeld o ACDChcompetinguoite reasiuippividesl ar e

d as convert] - yni n i.S0 i E | I ower

supplies, thes edog%g\fv@niﬁrsaﬁbérregg %@@Eﬁgﬁ pgl%@@'}'q %\S/\'}éér?:ﬁ—'\%gwéﬁrmof @h&ﬁ%@g vol une,
‘no noi se devel opeder on the duipeicsidentiall bi theyconeértiog trsts arelofarsinmitec carsreddion,nput
vol t age range. j P%ﬂg . N r i rous ways,
for instance i neg%ﬁc dﬁ’&“ﬁ%&& ,LP'@%E@%?@J,"l‘szii‘s'gg'toﬁgntﬁgﬁtﬂ@éﬁlog@?eI enent s
for fl uor escentnecesspy, oviputividtage. dn casa df failurs ohane ehelinganit,dse ogput cliege

is only reduced by the nth part. This decrease in the output voltage is so smal[rthat

e.g. with 10, 20, 30 or more converting units an adequate voltage supply of the

electrical consumer is stiilf ensured.

Since power and energy are distributed over many individual converting units, a
corresponding powér loss of each converting unit is only converted into a relatively
small amount of heat. This amount can 'be discharged in an easy way, .g., by air
guided past the converting unit, There is no need for the use of complicated and

possibly maintenance-intensive and expsnsive cooling systems. This is in particular
true for high powers within the kW range.

The small power loss and the high efficiency of the converting units are in particular

- due to the fact that clocked switch mode power supplies are used as converting
units. In comparison with linear controlled power supplies, these showa smaller
power loss, lower weight, smaller volume, no noise developmenf, Teduced smoothing
efforts and an increased input voltage range. Such switch mode power supplies are
used in numerous ways, for instance in microwave ovens, computers, electronic
ballast elements for fluorescent lamps, industrial and consumer electronics, screens,
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al so in means whi.ch apart from a high voltage dlso require a higf poMéR.2008

The switch node power supplies can be subdivided into primarily and
secondarily clocked switch node power supplies. The secondarily cl ocked
switch node power supplies include, for instance, step-down and step-up
converters. However, in order to realize an electrical isolation between

i nput and output, primarily clocked switch node power supplies and, in
particul ar, flyback converters nay be used according to the invention as
converting units.WEBEHI¥ yback converters are al so cal | ed PcT@buatideg
transforners. For instance, if the AC voltage source is a 380 V AC

t hree- phase current source, a voltage of 3e.g. 6000 V that is needed on the

out put side can b I d by negns _of 30 fl|yback.  conyerters as the
converting uni t%ﬁr‘%@‘gﬁga’%\%@%’qﬂﬁﬁgﬁﬁﬂn rﬁ?%mc%@paré@@n \%Iﬂﬁ"\?%qea%@. Si nce
the converting rguitesa bigh pdwerout put si de are connected in series, this

yi el ds an out put voltage of 30 x 200 V = 6000 V. Since the inputs of all
converting units are however arranged in parallel, the voltage supply and

]E lhu; cEr rent anTheswiteli medeepaivat Elf;ilpII%S mp;@rsabci&ﬂdédrimmpﬂmqﬂﬁmﬁt feebndaahrnccﬁl each

yback converter_ can. cantrol |l ed or regul ated indiyi a-highly
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addi tion. O cosupplss indudeSoahstencepstsp-bibvin 4ri stepeupl coageriers. However, dmurdet | ng

units for producing a ifferent. oytput voltage. .Tp he agble 't rforma
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transformers. |

For instance, if the AC voitage source is a 380 V AC three-phase current source, a
voitage of e.g. 6000 V that is needed on the output side can be produced by means
of 30 flyback converters as the converting units, each converting unit producing
200 V DC voltage. Since the converting units on the output side are connected in
series, this yields an output voltage of 30 x 200 V = 6000 V.

Since the inputs of all converting units are however arranged in parallel, the voltage
supply and thus current and power are entirely separated from one ancther. Since
each flyback converter can be controlled or regulated individually, & highly accurate

~and precise regulation of the output voltage is possible in addition.

Of courss, it is also possible to use less or more converting units for producing a

different output voltage.

- To be able to perform a corresponding clocking operation in the flyback converter in
an easy way, said converter as the clocked switching means comprises at least one
transistor, in particular a power MOSFET or BIMOSFET or also a thyristor.




PCT/ EPO2/-10468:.4". .To " be:abl e to-cl ock the-sw-tching means i.n a%%eéq@sz@%
reprodUCIble WY, “the SWAtChlng ieans. By . be_controliled:for-cl i-ng
pul sé "wi dth - modul at i'on “rfeans - whi ch-can in- part[cular ‘be controlled or : -
regul ated. This neans out puts sequences of pulses which are variable in
their width and/or height and/or frequency. Preferably, a pulse wdth
nodul ati on nmeans may be used. In particular in the presence of an end

cl ock flyback converter, one pulse width nodul ation neans is sufficient,
whereas two pul se wi dt h-nodul ated out puts are needed in the case of
push-pul | conver (¥} &/026THe power transistor in the flybackPCORRIRIMEGr | S
controlled by a correspondi ng pul se signal whose duty factor is regul ated
i n accordance with the neasured actual value of the output voltage. The
actual value of_the voltage is subtracted fromthe setpoint value and this
difference is slppt rideitoglogk thecsiteling meaRsiin £n eract drpRIoBiFibiaway, Hen

modul ati on m?an@vltcﬂ_ V\fm@hﬁs@h‘éy BEUohRERAHr clddRing B4 pRbe BT rhdduRtion meilﬁr e
conpared with a sawtooth ke vol tage whose frequency defines

swi t chi ng rate WHCH ¢ in priiatar be capiplipd @'rregL['Etﬁ%ﬂ'ﬂiSrﬁ‘@eaBﬁc"ftﬂ‘étsF"eq}i‘ﬂ"l':es&f t he
conpari son, t heppaeRihich bR \VEiahien th&rwﬁm drle Height aﬁd!oﬁfefquérﬁt@ P@%raiﬁ,star ed |
out put voltage is thereby adjusted. The adJI ust ment , can at | east up
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vol tage of a cofRRAPEHck dnvERE, éﬂe\/ﬁ?ﬁé&m&ﬁm{)ﬁﬁIEWWmédﬂs isiRfciefivAsrebd o
swi tching neans, is observed. Such an adjustnment of the output voltage is

of advant age, |Wsﬁé'ﬂqth‘€1995lﬁted|°HtPEta§? raﬁedeql i the Fase Gt PUSHBUL POWENRF-al
canverting units. For |nstance i f anong the above-i ndi cated nunber of 30
Q_g)‘uvertl ng units one fail t he out ut vol t age B % reduce 200 V.
The system as sﬂ’@fﬁ’W@W‘é"l"‘ﬁ@tc’biﬁ‘é’f‘%ﬂﬁb@ GORVErieR i @G‘&Z‘P@ ¥ R EOTET ARt ” *consuner
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vol tage of each  converting poOSSi BI e to read|

m ssing 200 V, %Waﬂﬁ'fpé!b‘@#a%? Jheﬁ?taa' Va'I”P Qf)theﬂ’?ﬁ?g?égrﬁé.’ trRaHRS! e Ers‘lﬁjlf%ﬂ[at units.

Since each of tﬁ&e%ﬁﬂﬂﬁsﬂﬂ:ﬁ@er@d&@ﬁfpﬁ:hé&n#ﬁ‘b@rﬁrol é’ﬂatﬂTerQ@mé pofsedidte a m ni mum

amount of the m ssing 200 V, the outPut vol tag%
modulation means. The oufput volitage of the control amphf ier is here compared with

a sawtooth-like voltage whose frequency defines the switching rate of the fiyback
converter. Depending on the result of the comparison, the power transistor is
switched on or off and the desired output voltage is thereby adjusted. The
adjustment can be made at least up to such a value that a safety distance with

_ respect o the breakdown voltage of a component of the flyback converter, in

particular the switching means, is observed.

Such an adjustment of the output voltage is of advantage, in particular, jn case of
failure of one or several converting units. For instance, if among the above-indicated
number of 30 converting units one fails, the output voltage is only reduced by 200 V.,
The system as suéh remains operative and can supply the electrical consumer with
enough power. Moreover, due to the adjustability of the output voltage of each
converting unit, it is still possible to readjust the missing 200 V, advantageously, via
all of the remaining converting units. Since each of the remaining converting units

must only produce a minimum amount of the missing 200 V, the output voltage is
each time increased by a small amount only. The converting units may here be
designed such that, for instance during normal operation while all of the converting




each ‘t'ime increased by a small anmount enly. The converting units n?a
be.: deSIQned ‘sueh:that, ‘for.instance during. not.nel-operat.i-on;: i [.et

the converting WO 03/026114 PCTHEP0211046S'5 units are morklng, the u
only output - as the output voltage _ a fraction of the ﬁBXIﬁUﬁ]OUtput

vol tage.that can be produced by them As a result, the readjustnent range
is relatively large, so that several converting units nay also fail w thout
col | apse of the system (redundancy). Preferably, the flyback converter is
cl ocked within a range of a few kilohertz to several hundred kil ohertz.

For instance, cl otk®P%Hbges of 20 kHz to 200 kHz are knowrCHerezigdagh fl yback
converters. If the clock frequency is here relatively high, the whole

wi dth of a corresponding oscillation of the AC voltage to be converted is

scanned and used for t pose of conversion i a co ondi ng DC
Vol Lage. I ni erdfi BatenRac s ad oiibn e Meir-Disad  F BHORR 81 G o0
appr oxi nat el y vvhéirmam bigut vbwawehatfcaﬁ heprﬁhma by t?@muﬂﬂﬁ)fesull\hh@d‘eadjaﬁméms in

I ready rel at d.
Such i g1 nt e PSR EAPLIPE e o B SRYeRUT AT SH oIk B YRE“Component s

of the energy ww@syosms&ﬁmrﬁ)(remhﬂamyectrl cal consunmer. If the interference
frequencies are to be shifted into an even hi gher frequency range, at

| east some of the clocked switch node power supplies nay be phase shifted
relative to oneﬂrefemblyetheﬂybdchemmenémmodkeewmmam@e of & favskilohariz to hat a

- natural frequen for eac f the | yhack
converters, e\yergﬁ-@ndrgd 038 %Pfa'('j‘ﬁtéﬂ °° m%"’l&gk %ﬂb{( ?é’gfrequency

sar ect curr ent knowi iedsmelsahsaikmgrh\aertam if the cloeictettianay is bérd eclatively highetheabl e. | f
dclockedfedls fted |
i ndi vi dual con %fﬁﬁt ’P%"eépé"dt H VnBEtE ﬁ§r¥8 t%ggggﬁg c&ﬁ}ég?&on each at
the tinme of fe;ea:hne@aﬂd wéedlforalé ﬁu:rpo@ of uérvbiisioh irdo) 8 eoregspohdindRC sgigem . e.
the cutoff frequency of the .interf nce op the i 100 kHz
i Ch bei ng. ¢ USRS rebRerEins on e sk EEo TR 1 ABE BRPRITHEY MBI 0D
with respect t oarigeef meelmbkedquuemmy resElty in already relatively high interference

frequéncies when 100 kHz are used. Such high interference frequencies do normally

not affect the components of the energy supply system or the electrical consumer.

If the interference frequencies are to be shifted into an even higher frequency range,
at least some of the clocked switch mode power supplies may be phase—shifted_
relative to one another in their clock frequencies. It is true that a natural frequency is
maintained for each of the individual flyback converters, i.e., e.g. a clock frequency
of 100 kHz. With this frequency direct current is fed accordingly on the secondary

: i) | : side into the cable. If said clocked feed is shifted by the phase shift of the clocking of

individual converting units e.g. by anly one nano second fraction each at the time of
feed, one will obtain a cutoff frequency of the system, i.e., the cutoff frequency of the
interference on the secondary side, of 100 kHz x n, n being the number of the
flyback converters that are phase-shifted with respect to their clock frequency. For
instance, if n equals 30, a system cutoff frequency of 3 MHz is obtained. At the same
time, the amount of the interference voltage output is reduced to 1/n of the

interference voltage of an individual unit.




instance; if n equals 30, & system cutoff frequency of 3 Mtz is ohtained.
At the.same tine, the ampunt of the-interference.yoltage.output:ils! ridamcet
to 1/n of the interference voltage of an i'ndividudl unit. W03/ 026114 -
PCT1EPO2/ 10468 6 Such a shift in the cutoff frequency of the systemis in
particul-ar of considerable advantage when a data transm ssion takes place
via the cable connection sinultaneously with the energy supply. To this
end a data signal coupling/decoupling neans nay be provided according to
the invention. Said neans serves both to feed data which are e.g. to be
transmtted on t HEO® i cal consunmers, and to decoupl e MAEB2WEei ved by
the electrical consuners or other units of the neans of the energy supply
system Si nce. correspondi ng data signél transm ssion normally takes

a.
place within th range of a,few 10 kHz. possi.ble residual |. erences by
the system cut o§"f°h ar%hgﬂﬂ_ﬁﬁccyt"&‘?@qv‘%{\ﬁy %@EWS%BW Wﬂgglaégfcrpﬁ%@érﬁgtgéi on

bandwi dt h. Tr oudvastedeewtdr d €4t ignsmissiog fakey plktd vietheakble tomleption capacitors,

are not needed for, snpot hi. t he out put ta an .
o soron’t R SR S lin S BHY. 26 B s aB3nd SEhRpHEfine
undi st ur bed cabheans oy e ravided Bocomifgetodiad iaventiam Saidesdans sevesbotatodeed a

sinple filter ns, . be arranged.. bet wee erti I-ta @and

el ectrical cons W‘%’ﬁé’%?‘f beta]fﬁq’gmwggﬁgy\es&ec@%lgg ﬂ%%ysagé%@%eﬁglp ieo t he

i nvention for fddtd eceiveg byahmelatirical torsemére oeother units bfi the mhens of tesenergy

transm ssi on, i'ue'l lsfgttrr? a few 10 kHz, e.g. 50 kHz. To nonitor, control and
optionally regtﬁ BYE SEYT™ devi ces of the energy supply system and possibly
al-so the electrical consuner via the cable connection, a controller may be

ashigned at least to the AC valta ur ce. . Leopverting

means and/or t “%ﬁ%?”EFPg"Hg!”Q?B%Sﬁ%ﬂg%&8@@%%&@5‘%5%55@8% c')tg'ﬁ imoénal ly al so
to the el ectriremje of afeuh®kHz, Posdibl@residoal intérfeeancys ey s systern pwielf | | gent suppl'y
syst em whi ch

frequency are far away from any data transmission bandwidth. Troublesoms filtering,
e.g. by filter electrolyte capacitors, are not needed for smoothing the output voltage,
and a safe data transmission that is as fast as possible is obtained on an aimost

undisturbed cable connection.

To make data transmission even safer, a simple filter means may be arranged
between AC/DC converting unit and electrical consumer. However, this means is
- only used according to the invention for filtering remaining interference within the

data transmission, i.e. up to a few 10 kHz, e.g. 50 kHz.

~ To monitor, control and optionally regulate all devices of the energy supply system
and possibly also the electrical consumer via the.cable connection, a controller may
be assigned at Jeast to the AC voltage source and/or the AC/DC converting means
and/or the data signal coupling/decoupling means and optionally also to the
electrical consumer. Such a controller yields an intelligent supply system which
controls and/or regulates a great number of parameters. An example of the activity of
the controller may be seen in the measure that said controfler controls the fiyback
converters not only with respect to their output voltage, but a!sc_:_"monitors them with
respect to their function, For instance in case of failure of one flyback converter, a
message may be sent by the controller to a corresponding monitoring means that




Controls and/or. regul ates a_great nunber of parameters. An exanp 3 ﬁ{ ?
activity of .the controller may be seen in the neasure. that sai d' do AR)
control s the f1yback converters riot only wi'th ‘fespect to thei output

vol tage, but also nmonitors themw th respect to their function. For

I nstance in case of failure of one flyback converter, a nessage may be
sent by the controller to a corresponding nonitoring neans that A 7 MAR
2006 WO 031026114 PCTI EP02110468 7 one and possibly al so which one of the
fl yback convertenﬁ &%%;falled or isinmpaired in its function. At the same
time, the control T&P%4H control the remai ning flyback cdi¢FEPRdME such
that they conpensate for the voltage failure. A corresponding nessage nay
al so be sent. After failure of a nunber of flyback converters the system

d toth t-
B 0L conBrd B BB Xh o SRR R SRR eI EPR o e
syst em woul d beits Jocticamt draisame time, thasontiolier aah coniel the pemainin adont rol | er
may al so det ect e Shu ﬁaﬂ&g%?m&nés@%rmﬁbJohggeefamrrﬁyp\c%weggo\adm stem and

optionally also in't ectr consuners fe stem For
i nstance, el ecihpiseae n@bﬁlgqhes@tﬁgeriamreoﬁ@wwb%e qucqﬁz@tﬁf@ﬁfhfhd of f via

e e ! el ARG AN s Reh e i BRE Rl B dbaledf | Uerced

i n another way. "To permt "a direct erent ans and al so of
‘the el ectrical ‘bwyguthecontraler, mgrebxoiut! pmrarahrty glithe mermpwusn%em gould be

conmuni cati on C%BF%?‘QSHV\P %qhypin{erbfﬂ{e@é@ﬁctlve means of the energy supply
l'y

system and opti the electrical consuner may be established via
E;gf controller. As for the flyback converters, it should be noted that
r

espondi ng UfHetc?)ntF'@!%r ﬁwQFaEs&@éléét‘ﬂlrthEQﬁfsﬁ% d@@&slﬂ?ﬁqé %ﬁ+ %i@)ﬁ RSysiBhegr at ed

circuits which be” con ned nverter
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control, under VghdRaFcHEIRGS | 2P opitfally be switched on and off via the data signal
connection, controlled in their operation or influenced in another way.

To permit a direct querying of different means and also of the electrical consumer via -
the controlier at the same time, a communication connection with the respective
means of the energy supply system and optionally with the e-lectr_ical consumer may
be established via the controller.

As for the flyback converters, it should be noted that corresponding units for the
control thereof may be realized as integrated circuits which may also be contained

- \—) directly in the flyback converter. Such integrated circuits may comprise '

| corresponding means for power factor control, undervoltage detection and
overcurrent monitorihg. The pulse width modulation means may also contain a so-

- calied “soft-start circuit” by which the ON period is gradually increased up to the
stationary value upon application of the operating voltége.

To be able to use possibly different flyback converters and to be able to readjust all
of these converters in case of failure-of one flyback converter or to address each as
such in the case of otherwise identical flyback converters, each individual one of the




_%al n.a.
i cutt : by v\im ch 't He- Q\I perl od is gradua%? v MAR 2808 i
|ncreased up to the statl onary val ue ‘upor appl’ication of "the operating
voltage. To be able to use possibly different flyback converters and to be
able to readjust all of these converters in case of failure-of one flyback
converter or to address each as ‘'such in the case of otherw se identical
fl yback converters, each individual one of the WD 03/026114 PCT/ EP02110468
8 converters may,be, ;ﬂgarately controlled or regulated with res ect toits
output voltage. ThiS s normally carried out via the pul EETFFFHS
nodul ation nmeans. In particular when the éal’l ous flyback converters are
spatially separated fromone another (the spatial distance need here only
be in the order, there is
al ready enough S%%ﬂ%@ﬁﬁ%ﬁ%lﬁaﬁ?ﬁbygﬁ% eBQ/RN s%%%&/déh%gkﬁsdto
guar ant ee cool mgagm Tiis iseopeally carged e viedhe Plﬂlﬁﬁldﬂ?ﬁm@”@wmfﬂ“?m@r wat er flow.
Q her conplicated cooling systens are not needed. An advant ageous
enbodi ment of the invention shall now be explained in nore detail  in the
fol I owi ng wi t h In partiguaiaden Gietvadousi fiyprck somvertars rerisnaially SEPRIRERTAG 7% n whi ch:
Fig. | is a bl %ﬁgthgr' (ﬁﬁrsﬁgﬁﬁﬁlséﬁcéaﬁgég‘i‘fef%?ﬂy i ﬂ't&%éf‘@ftﬁéhln%'ﬂ@ibﬂﬁfélmp' y

system according t Invention; and Fi'g. 2 1s a f\m of an
embodi ment of é.lywciiﬁa’@/ﬁft@dﬁ@@rﬁb@rﬁ i glreagy enqugh spRSE b@W@P@S}‘Gé’&%&&? system

according to F'ﬂ?bacikco:ﬁbﬂers'to Q@r&té‘é dBBhdng@q'eiHe@[QBﬂ'@}‘@Qf 188 Sy dikoran
enbodi nent of a”universal energ éd system 1 according to the

i-nvention. Thi ¥alyfewRtaesepmpica zé?@‘i"ﬁéy%ﬂm%\ﬂie(fﬁt ng§ged connected in parall el
tberewith input termnals 23 of an AC/DC converting unit 6 formng an
ACI DC converting neans 5. The |ine 24 is connected t

t hr ee- p hase cuf¥adyaniaggpesempoglinanh el th&:‘“W“P'&&@”é’BWP@@"p@ﬂ‘é‘?'ﬂ@qﬁd@%’hv erting
units 6 are f ofMRE dMpwiBYinitS FerérBStR th MeRiguty Rtdhe§ tofhe drawing, in which:

Fig. 1 is a block diagram of an embodiment of a universal energy supply system
according fo the invention; and

Fig. 2 is a biock diagram of an embodiment of a fiyback converter for use in the
energy supply system according to Fig. 1.

Fig. 1 is a simplified block diagram showing an embodiment of a universal energy

supply system 1 according to the invention. This system comprises a line 24 which

has corinected in parallel therewith input terminals 23 of an AC/DC converting unit 6
| - foming an AG/DC converting means 5. The line 24 is connected to a 380 VAC

three-phase current source 3 as the AC voltage source.

 The AC/DC converting units 6 are formed by switch mode power supplies 7
designed as flyback converters 8. These are primarily clocked; see also Fig. 2 in this

respect.

The various flyback converters 8 comprise corresponding circuits 16, 17, 18 for
power factor control, undervoltage defection and corresponding overcurrent




desi-gned: as flyback converters S. .These are prinarily.clocked; E‘Z A0 e
Fig. 2 i.n thi's respect...The:various. flyback:converters. 8 conpri'se 7 488 °
corresponding circuits 16, 17, 18 for power factor control, undervoltage °
detection and correspondi ng overcurrent WO 03/026114 PCT/ EP02/ 10468 9
monitoring. Said circuits may be part of the flyback converter or assigned
to each of the flyback converters. O course, all flyback converters
according to Fig. | may be provided with such an integrated circuit or

i ntegrated ci rcui‘;,gosog} 4 he output side, the flyback converters 8 are
connected with an OUCPal terminal 22 in series with the CSBERZAYUfnection 4
formed by a coaxial cable 15. Even in the case of a thin cross-section,
consi der abl e power and a | arge anount of &ta can be transmitted via such

a coaxi al cable_qver. di [ . nor e
kil ometers. Duemt(8 Pc{)'%{rlﬁg' %aﬁ%'%%‘go@%@%{tiOgtrl\]te?@?&gggﬁeg%é)igsa &%gg;{%asc h%g sai d
cross section rtedlybachgodvedenst he supply with DC vol tage, the cable
connection is rmuch cheaper in conparison with known cabl e connections via
whi ch al ternati n? current is transmtted. Subsequent to the AC/ DC
converting mean€t gursehall fiybask canvestats ascarging dmipg. tsieey be previdadewithrigeman 12, Sai d

filter means fi Fﬁ?fée\ﬂ]ﬁﬁ{&jitg?r%{%gwﬁgepce within the frequency range of

up to a few 10 I'n erence mght disturb a data transm ssion
via the coaxial cable 15. A data signal coupling/decoupling neans 13 is

arranged bet Wegﬁ’j? g%%g&}u% icgé, aﬂﬁﬂ&k nvetiaf 4 216 céﬁnlebt@@@ﬁh Qr?ﬁutq&t?é}HniaF al

consuner 2 suppl1 ] ersal” energy supply system 1l according to
U:g i nventi on wi2in seipswithttaesbliergnhgcgon fomeed biGoeoaxisieshie trgEvadn thesi gnal s
ace coupl ed vi aca%ﬁbfja RAdGs s 3cAdil SnkidErabRRsNa! alnﬁ%t%rﬁe ér‘ﬁma{? o G4 Ganlednal s
transmtted by other neans via the coaxial cable 15%are decoupl ed by said
means transmitted via such a coaxial cable over a large distance in the range of 50, 60, 70

or more kilometers. Due to the thin cross-section for such coaxial cables 15, said

cross section resulting from the supply with DC voltage, the cable connection is

much cheaper in comparison with known cable connections via which atternating

current is fransmitted.

Subsequent to the AC/DC converting means 5, the coaxial cable 15 comprises a
filter means 12. Said filter means filters remaining interference within the frequency
range of up to a few 10 kHz, which interference might disturb a data transmission via

the coaxial cable 15.

A data signal coupling/decoupling means 13 is arranged between the filter m'reans 12
and the at least one electrical consumer 2 supplied by the universal energy supply
system 1 according to the invention with DC voltage and high power. Corresponding
data signals are coupled via said means 13 into the coaxial cable 15, or data signals
transmitted by other means via the coaxial cable 15 are decoupled by said means

13. An interference-free data transmission at a high speed is thereby made possible |
according to the invention via the coaxial cable. It should here be noted that the
cutoff freq'uency of the system is shifted by a phase shift of the frequencies of the
individual ones of the flyback converters 8 into the range of MHz, so that said cutoff




13. An interference free data transnrssron at-'a high speed |s ggﬁ Emé ﬁ%g
possi ble according to the inventicon via the coaxial cable: Q

be noted that the cutoff frequency of the systemis shlfted by a phase
shift of the frequencies of the individual ones of the flyback converters
8 into the range of MHz, so that said cutoff WO 03/026114 PCT/ EPO2/ 10468 10
frequency is far away fronlany data transm ssion bandw dth and a reliable
data transm ssion at a high speed is thereby possible. The el ectri cal
consunmer 2 may eﬁg .ﬁe an actuator, and it is self-evident that several
electrical consun? ¥ W¥an pe supplled accordingly via theEERRAUFE cabl e 15
with both power and data. Such an actuator serves e.g. to control neans
along a fluid line. The corresponding me#hs and actuators, respectively,

for the actuati (=) &h are
difficult to re‘éP H&ﬂ:? 'S@ awa%c%gp %ME% a&% ;Eé}&?ﬁ%g@htr%@%ﬁuéﬂ&g can flow at a
hi gh pressure iiranemission brahighnspded isftherebly pdssible. so that e.g. one neans is an
enmergency shut-off unit which in case of |eakage in the fluid |Iine

prevents possibly aggressive or environmentally harnful fluid from exiting
into the envi riemssastricalfensumesr 2meyresy. be en advaier anshit is pelf-pddent thabseyersl ar e

val ves, thrott le?esctncPﬁééﬁgﬁnergﬁ c%uf]@e édpﬁﬁed E{éﬁoralﬂélg\r'g ’lhetéb%xﬁi%lzilét'lgr\ﬁthr equire

much power becaus ressure a p055|b y al so
with a |arge quefitpower ant datgyBuchen adtuater seivaee.gdp cpmtibmesns alengd fluid " i s al so
possr ble to pr i nfl ow,

.e. substanti g‘?‘f’ %E%OE%(? oﬁ%{ﬁ’@gén(}% nta %g{u ?tPFS r(?gﬁééh&?r' g@é%%%tl%&ﬁ%%ﬁft roll ed
B&f | ow of the d¢ mrmalimrcanuesbatmram whinlare. d:fﬁyuttww@waor arq impgssableandf

ant age when cﬁﬂﬂeﬁsﬁﬁ%hﬂ%m@(%%@n glrr ?reQéuré {ﬂﬁ) d?'cd“ir ?m@ﬂ{\iz &d thk1e neans

controll ed by osit1ons device, action
of the punps, ®g. pnemeanees a@amengenwwbutrﬁwnémlcrrmﬁasep@aa&aﬁe heliithe

,f ﬁngng In |C ?E)Ir |O Eg chﬁ? Br%%ﬁt%ébss-g%gé%@&(ré)& lirdrtRnerFaRiuF flid #6m eRiMARkl on and
the environment. Further means for actuation by the actuators are valves, throttles,
pumps, or the like. As a rule, the actuators require much power beceuse the fluid
flows at a high pressure and possibly also with a large quantity through the fluid line
or into the same. It is also possible fo provide a corresponding shut-off device
“already during inflow, i.e, substantially at the source of the fluid, to prevent an

uncontroiled outflow of the fluid into the environment.

) Of course, it is here of advantage when corresponding parameters of the actuators
) _ and of the means controlied by them, e.g. positions of the valve, shut-off device,
action of the pumps, or the like, can be queried and monitored through the

G,

communication connection.

The contro! of the communication connection and the monitoring of all means takes
place via a controller 14 which is connected to all of the corresponding means and

also to the electrical consumers 2.

Fig. 2 shows an embodiment of a flyback converter 8 as is used in the AC/DC

converiing units 6 according to Fig. 1.




pi ace ‘vi-a’ a; control ler 14 which is conhected to all of the g f] iﬁﬁ@gg&: "
neans: and " af s0.10 the-electrical tonsumers 2. Fig. 2 shows'a rent:-
of a flyback converter 8 as is used in the ACCDC converting units 6
according to Fig. 1. 7:1. _MAR 200: WO 031026114 PCTI EP02110468 11 The
flyback converter 8 conprises a primary and secondary wi nding as the
transfornmer 19. The primary winding is wired at one of its ends wth the
input termnal 23 and at its other end with the switching neans 9. The
swi t chi ng neans %vodtﬁzsgﬁs' gned as a power MOSFET 10. Furthernore, it is
possi bl e to design swit ching means 9 as a Bl MOSFET ofCHERY14Ber
thyristor. The secondary winding is wired via a diode 20 with the out put
term nal 22, the correspondi ng out put tdlmnal's 22 of all fl yback

converters 8 acgy géﬁﬁé&?c&%ehgresgd @‘F‘“*’?aﬂ R4 Iﬁ,vﬁH& Rg bdft these are

serially connect h t'he coaxi a ut termnals 23 are
wi red accor di ndtapsfoumst 19.newe mrmaryfwzpcbmlﬂwe'@m@nﬁ@f%sgwdawh thedvéct ed i n

parallel wth t&‘?ndd'g B€ ortfat it6 offfeP |91rﬂ|1t,2%mic m@’l'nrnﬁﬁkg %Q@th@lmé&hé@ the

secondary wi ndi'ng her nor e, verter conprises a pul se
wi dt h nodul atudﬁdmngas_a pfamrh&%&T‘rngmﬂterm@w lt@ﬁpwlﬁﬁaﬂ%'%fhel n the

circuit shown igkig méansldis ééiﬂ'l@)%%ﬁﬁ'%?és o Bovit tyri@iSr. & magnetic ener gy

store. In the activated state of the swtching nmeans 9, the current in the
primary winding rises and energy is stored in the transformer. Wen the

swi t chi ng mean didd é@ﬁtiﬁh@rﬁ £1BRKIG 20,3hd T ansmi t t ed
Al secondarqygvsmé% ?ﬁ?%&ngﬁ?ﬁiref\hﬂa de DO itfihe’o ﬁ!;u i

the transtorner and further t?-gtl-h
~g)othl ng capa@Pﬂ%ﬁpon%O%M&fWéﬁlsﬁéoﬂ@lﬂyge‘é‘C@BYPW?ES Setcpdna g Hhd out put
minal 22 10 pbiag afrailed sEANRECHhERrd sorfblEcoRHbdmY wittOht 866 Bablo1s, TRy  each
of the flyback cog\?erg]fagrss B accord |rr1 Sen hﬁ‘c%‘ 1 are added to_obtain the
total input terminals 23 are wired accor ngiy such That all flyback converters 8 are

connected in parallel with the line 24.

- A capacitor 21 is wired in paralle! with the secondary winding. Furthermore, the
flyback converter 8 comprises a pulse width modulation means 11 for clocking the

switching means 8.

In the circuit shown in Fig. 2, the transformer 19 acts as a magnetic energy store'. In
the activated state of the switching means 9, the current in the primary winding rises
and energy is stored in the transformer. When the switching means @ s opened, see
Fig. 2, the stored energy is transmitted to the secondary winding of the transformer

. 19 and further to the smoothing capacitor, The smoothed DC voltage can be output
via the oufput terminal 22 to the cable connection 4. The output voltages output by
each of the flyback converters 8 according to Fig. 1 are added to obtain the fotal

system voltage.

The pulse width modulation means 11 has already been described further above and
serves to adjust, in particular, the output voltage of each flyback converter. The
maximum output voltage is normally defined by the breakdown voltage of the
switching means 9 and the corresponding power MOSFET 10, respectively.
Attention must here be paid that the breakdown voltage of the contrql means is




syst em vol tage. The'p ns; 11 ‘ha
destii bedﬁs,f-'urrt*fhe | | e par't i cuI ar; ef t@ g
vol tage of eéach fbeack converter The “maxi mim out put vol ta@) R1
defined by the breakdown voltage of the sw tching neans 9 and the
correspondi ng power MOSFET 10, respectively. Attention nust here be paid
that the breakdown voltage of the control neans is WO 03/026114

PCT/ EPO2/ 10468 12 nornall y at least twice as high as the nmaxi num supply
voltage. This ma@(g wfeﬁ 380 V AC three-phase current the breakdown
voltage i s about 800 ¢ ™Accordingly, it is possible to prGrEREIMEqy| at e
the power for an electrical consunmer wth the associated voltage and to
carry out the regulating operation with aldwltitude of flyback converters.

Wor cover . the Pligagylido Lelohighleal ity 8360 lithosks Remesar i ef ds

a very hi gh cut of uency o stem ermt
i nterference- frw\ﬂé@@ft??-&h@mcyg?féﬁ‘e\hf%@kﬂw‘Gﬂiﬁ@%@ﬁé%ﬂlgﬁ%vcabl e connection
al so over long cable distances and even in the case of a thin

cross-section of the cable at a high speed. In case of failure of one or
several flybackAweifish isspossible te piaeisely irguisieyirRawer (6 AD BlPFiEFal CAEMPT st

readj usted wt Wlfﬁﬁ@ﬁ&bclﬁ%d%ﬁdge Aty ¥ tﬁ@&@ulaﬁrﬁq dpapdtioR With A HRMEHAE €

vol t age and power su on t out put SI de is still praovided for the
correspondi ng edfdrhael E@Veﬁgﬁs’\ﬂ%?\@f “‘ﬁi@f‘%?/%*ﬁ'@fﬂ%%@‘@?*@%ﬁ eph YRk nventi on
of fers a number coforAyigRl AYe HRRlidR 1 ¥ thOBRtM Whatkermer ter used as
the AC/ DC convecrt\lleng xeans 4/ ) @qUér?Ig%/lfde %ﬁe who ﬁfepovver and vol tage
G}St he out put gn*eeere@@-feeerdﬁtetrasﬁmpssvaweérgeer@rrewqusma@atvlegwneftﬁaﬁissew V are
poSsi bl e on t hgspity Blétdfs%éﬁsaﬁﬁ?e%ﬁ%ﬁlaeasﬂelo@sttﬁmero§§ E&ﬂ&‘iﬁftﬁ’écébiéehta
correspondi ng conponents i s bel ow 3000 V breakdown vol tage. According to
the invention highesPged-put vol tage may be 3000 V. 6000 V, or nore.

In case of failure of one or several flyback converters, the remaining flyback
converters are just readjusted with respect to their output voltage, so that an
adequate voltage and power supply on the output side is still provided for the
corresponding electrical consumers.

The system according fo the invention offers a number of advantages over e.g. only
- one flyback converter used as the AC/DC converting means, which must provide the
whole power and voltage on the output side; as a rule only voltages of up to less
than 3000 V are possible on the output side because the electric strength of the
| corresponding components is below 3000 V breakdown voltage. According to the
invention the output voltage may be 3000 V, 6000 V, or more.




11 7 MAR 2006 CLAIMS 1. A universal energy supply systemfor at | Ehdt MARe 2006
el ectrical consuner conprising: at |least one AC voltage source; 5 a cable
connection connecting the AC voltage source with the electrical consuner;
and an AC/ DC converter coupled between the AC voltage source and the at

| east one electrical consuner, wherein the AC/ DC converter is operable to
convert AC voltage into DC voltage, which DC voltage is supplied to the

el ectriéﬁkg\g nsunmer via the cable connection, and wherein the AC/ DC
convert gpri ses; 10 a nunber of AC/ DC converting units which are
connected in parallel, on an input side, with the AC voltage source and

whi ch e seriall connect d to the electrical consuner on._an output side,
each AQHDC doMUEFY ST HRPC P ferct et Que elecitoaloQaRmERF T b e pover
supply; and a conflkgt berAColpkesuice; t he el ectric consunmer and the AC/DC
convyerting units, vﬁerel n. 15 the c&lgtroller can det ct deeﬁzcts in

el ectric consuner SANECIORertinpeeIpectipg G Yyegsrge wih F‘?ﬁ‘l‘m‘g

supply system acefrAli/DG édavéteictpled Kbh%eﬁ%@h@ﬁﬂtag@sduﬁtanﬁhﬁe siwichst hﬁsl node
power supply is. deS| gned as a primarily clocked f]yback converter. 20 3. A
uni ver sal e &e@ﬁff%%?%?mﬂf% ISCq'p&raHefo genvert ACrvoltageiatoiliag i n
that the fl yorgk, wlﬁélﬂD@rvnge% subphédas KRAIMCAICBANBheBR DR cANERIh&BSn, ahd | east
one transistor, in particular power MOSFET or BlI MOSFET. 4. A uni ver sal
ener gy suppl"‘S;‘’é?i%’st%l AUCAYSIHGCURPIEY one of the preceding clains,

chapacterized 23 ninfbdrRAACIRE cnbrifd¥rAd WwiRA R chinceed i fatali8dod & &ﬂu@Ck a
particularly controllable or adjustable pulse nodulation means, in

particul ar pdpsEthhate rRiEe sourcs sndrivhich arﬂsﬁerlaallsimnv@ifé@ ﬂ@rf‘éflcwalﬁﬂib‘w
Syst em accolf g sQ8¥adeCHiC éoﬂs'e Wé%ﬁ%ﬂau&édads TRiockdakAG Bbdeze€d TN that

t he output voltage of the swtched de power supply Is adjustable to any
val ue up t o pew¢risapnly; 30 val ue bel ow t he breakdown vol tage of a component of

the switched modg pRWAL: SHAR ¥ the dlecRRcbhdatiePind thO8 A DS FHREPherchs

15  the controller can detect defects in the electric consumer and the AC/DC converting units.

2. A universal energy supply system according to claim 1, characterized in that the switched mode
power supply is designed as a primarily clocked flyback converter.

20 3. A universal energy supply system according to claim 1 or 2, characterized in that the flyback
. converter as a clocked switching means comprises at least one transistor, in particular power MOSFET

or BIMOSFET.

4. A universal energy supply system according to any one of the preceding claims, characterized
25 in that the switching means is controlled to clock a particularly controllable or adjustable pulse

modulation means, in particular pulse width modulation means.

5. A universal energy supply system according to any one of the preceding claims, characterized
in that the output voltage of the switched mode power supply is adjustable to any value up to a limit
30  value below the breakdown voltage of a component of the switched mode power supply, in particular

the switching means.

13




.1 | MAR 2000 6. A universal energy supply system according to anyioheMAR 2005
the preceding clains, characterized in that the clock frequency of the
switching neans is within the range between one kilohertz and a few

hundred kil ohertz. 5 7. A universal energy supply system according to any
one of the preceding clains, characterized in that at |east a few of the

cl ock switch node power supplies have phase-shifted clock frequencies

relative to pne. angther. 8. A universal ener pl st.em according to
any onetof e REn S Ry D e feaibe AL of L bretediE s SIRBRETTE, 1 s
assi gned tiat theehsk froqengfof theewihingitaag & vaiour e rangdibetvidéeh Dae kithwer dndndeweans,
the A nverting units, and a data signal coupling/decoupling neans.
9. A uﬁ%%§%§§¥&lﬁ%rgy supply system according to any one of the preceding
clainms, characterized in that a filter means is arranged between AC/ DC

convertjing ans and the at |east one electrical., 15 consyner. 10. A

i Vor shl erbPEyTS SHTS WhRly SHRTLEEREIRg (P fRY O ! B rsr i bR Fed

cl ai s, inclivdaeledse b ifae df thi Rlcth alitdhhRodd gowvesivppiads haalptabcnplfae caogy frdi@ed®RaNS i S
coupl ed éo t he cabl e connection between the filter neans and el ectrical

consunePlat¥go gae andthgri y or sal  energy supply system according to any one of
the preceding clains, characterized in that a comunication connection is

established by the controller between the respecgtive ngans of the energy

suppl y Syst ¢htnipssal snerey ypply i) a“_é?fa’nﬂgff? LUprSt %gfeegﬁlpr&%nai%aﬁt% y one

of foghe ip HRELEINDEIIE istHsiiBned GNEdsPEHRT the &L vdlgd dtce,LlE AOASE BaveRinY BlchdsN@le UNi t
onent_ sel ect ed %{on1the group consisting of a

conprises at | east one co
power Fﬁypgﬁqﬂﬁﬁq&ﬂmWﬁ%ﬂégm%ﬁﬁ%MBE@V@W@é&émﬂ%ﬁ%%%ion means, and an
overcurrent nonitoring neans. 30 13. A universal energy supply system

according to any one of the preceding clains, characterized in that each
i ndi vi dual ACHHErEbFESIPRYY shitem asemding towwtong pf e peseedingldime charsdprizedit el y

Wi th _r G RBEL Mifr med i0 %ﬂé&d ¥Qhtage/ D4 converting means and the at least one elecirical

15  consumer,

10. A universal energy supply system according to any one of the preceding claims, characterized
in that the data signal coupling/decoupling means is coupled to the cable connection between the filter
means and electrical consumer.
20
11. A universal energy supply system according to any one of the preceding claims, characterized
. in that a communication connection is established by the controller between the respective means of the

energy supply system.

~25 12, A universal energy supply system according to any one of the preceding claims, characterized
in that each AC/DC converting unit comprises at least one component selected from the group
consisting of a power factor control means, an undervoltage detection means, and an overcurrent

monitoring means.
“30 13 A universal energy supply system according to any one of the preceding claims, characterized

in that each individual AC/DC converting unit can be controlled or regulated separately with respect to

its output voltage.

14




Li | MAR 2016 5 14. A universal energy supply system according tp RMARREIS
of the preceding clains, characterized in that the cable connection
conprises at |east one coaxial cable. 15. A system for supplying power to
an electrical device, the systemconprising: an AC source; a plurality of
AC/ DC converters, wherein inputs of the AC/ DC converters are connected to
the AC source and wher ei n out puts of the AC/ DC converters are connect ed to
t he elﬁctrlé deyice vi a an | ectri.cal conducbg]le a data co %)

devi ce Coupl’ S8 RETE) BRRIY P %"8%8’&51‘%?“3’%8 H““f RS tff’ﬁ

devi ce ift Gamiho tabdd @snestidntotpeises hidedst dme@baxii@vdbie Vi a signal s associ ated w t h
a first frequency range while power is supplied to the electrical device
via the electrical conductor, wherein clocking frequencies associated with
one or 13or e PfysteheioAGipPSing overtd e edficl dftte ke SRk cadpididgh respect to each
other to shift clog%gr noise fromthe first frequency range to a second
freguency range. 21 8. The systemof claim 15 wherein the plurali ty of

AC/ DC convert er s asplplity & ACYNC RonVletsaG@ieteth idpie & gt ACTRE dpxhee aka the
el ectrical conductor w fhout a cqoling nmechanismthat would otherw se be

needed when PEEEeq 1Rdbe 4G goysreypndwheppimeutpyty phthecfrPEraoryesten age oppsriedinthed to

supply the RicgfticdPdevidetlid AQfcirRallcBENRIRGhd | cal device. 17. The system of
claim 15 further conprising a controller coupled to each of the AC/ DC power

converters, wher &idARtcAYLES AeVies qoupled ke sleatgica gendyptosypyherein the ity sephng each
ACHBC pover qeaay&htnfinicattd with e §¥(§It1(%[rﬁgflcec\l1ﬁklgﬁals7as%b%&' Vit Q%%D%ﬁem:yl er

detects a failure_ of an AC/ DC converter and causes ot her

converters FRISEHRIRRASEL & stnphed thdhefelcirisel dadrDan teslpetried eondegor, The syst em of
claim17 wherei nwtléten%etlﬁgtréq%naéaqga@aa@m;dlx ecd}%d’r@&ti%@ﬂcmﬁ PibeRRNEL of
each AC/ DC converter he system o a| m 16 erein the
converters ahase phifted wilewect tedagh pbershislyftwlockingpaise from the first frequency range to

a second frequency range.

15
16. The system of claim 15 wherein the plurality of AC/DC converters supply a high DC voltage to -
the electrical device via the electrical conductor without a cooling mechanism that would otherwise be
needed when less than the plurality of AC/DC converters are implemented to supply the high DC
voltage to the electrical device,

20
' 17. The system of claim 15 further comprising a controller coupled to each of the AC/DC power

converters, wherein the controller regulates one or more functions of each AC/DC power converter.

18. The system of claim 17 wherein the controller detects a failure of an AC/DC converter and

- 25 causes other AC/DC converters to compensate for the failed AC/DC converter.

19. The system of claim 17 wherein the controller independently controls an output power of each

AC/DC converter.

230 20. The system of claim 16 wherein the AC/DC converters are in a spaced relationship with each
other such that heat from the AC/DC converters is dissipated without the need of a cooling component.

15




ot her such that heat fromthe AC/DC converters is dissipated w t]hZ)uMAgt@‘”
need of a cooling conmponent. 15 1 7 MAR 20tW21. The system of claim 17
wherein each AC/DC converter includes a switching nechanismthat permts
each AC/DC converter to be cl ocked i ndependently of a frequency of the AC
source. 22. The system of claim?21 wherein each AC/DC converter includes a
pul se wi dth nodul ator 5 coupled to the swi tching mechani sm wherein the
controld.er ntrols e se w dth ator, such, that t.he sw tchi
rechant S i <TRGorE gt SeblPhesth b AP Ahien i b f RS
syst em @imitd achACHOMvar@ientotbe elodixidandspailerttly of hfeplengtof ileaiC dexece via the
el ectrical conductor controls the electrical device. 10 24. The system of
claim15. wherein the data received fromthe electrical device is used to
nmoni t or22. t helThel sgatm iof @laim &\ i wierei Bach TAE/DEY sdneerted finchidas mphibse whéth endaulatee

el ectrical vice is.an actuator. .15 26. The systemof claim wherein
Ehe el cenried B Syt Shisinae Ehplet oMot g rilys Sudth Betddl Hie
wher ei nhithig: selitelghy incdhhniQn BAlRkar act@diag tol agakt widiembkddlaerdigial. i n | ength. 20
28. The system of claim 27 wherein the electrical device is part of a fluid
line. 25 29. A systemfor supplying power froma first location to a

di fficulst torheegabnS#cRas |DaakkBNhe tdAR schY Bl B SRIRAI Sévi@: viahe \EleMfidal age
source fo(iugdi S osgl %ﬁﬁothel first location; an actuating device at the
second PBYtor gptrols thgelpemicglidsvigy A DC converters for disposal at the first
| oggt i on, each having an input side connected to the AC source and an

out put side connected to an electrical conductor extending to the

act uat iflg devF swtent ofidnim d 8 phargin the data speiveddrogpthe gigeirica) devigs 1psed (PRI
furt hergpd Aedniidi Rgic@ data coupling device coupled to the electrical
conductor to communicate with the actuating device via signals associ ated
with a first frequency range.

25. The system of claim 15 wherein the electrical device is an actuator.
15
26. The system of claim 15 wherein the electrical conductor is a coaxial cable.
27. The system of claim 15 wherein the electrical conductor is at least one kilometer in length.

20 28. The system of claim 27 wherein the electrical device is part of a fluid line.

29. A system for supplying power from a first location to a difficult to reach second location, the
system comprising:
- an AC voltage source for disposal at the first location;
25 ' an actuating device at the second location;
a plurality of AC/DC converters for disposal at the first location, each having an input
side connected to the AC source and an output side connected to an electrical conductor

extending to the actuating device at the second location.

30 - 30 The system of claim 29 further including a data coupling device coupled to the electrical

conductor to communicate with the actnating device via signals associated with a first frequency range.

16




16 J_ 7 MAR 2006 31, The system of claim 30 wherein clocking freqlehcMAR 2006
associated with one or nore of the AC/ DC converters are phase shifted with
respect to each other to shift clocking noise fromthe first frequency
range to a second frequency range. 5 32. The system of claim 29 wherein the
AC/ DC converters are in a spaced relationship with each other such that
heat fromthe AC/ DC converters is dissipated without the need of a cooling

conmponeqt . . A system.f ) | i wer froma.first, | ocation to,a
Fenbte Tocatmgi et eneh SR HofRaf Wfor T ofC R m85 4l o
el ect r i A@IDMevatrs @e phase ahified/with rodgdcDG o uthert t© rshifvdiedkéngmoish drobangbel figst of

t he AC/ECC converters ar connected in parallel to the AC source and

wher ei n @B?‘}%f@g%tf’atsﬁcé’mi&?cﬂ@wéﬁﬁg&ters are connected serially to the

renote el ectrical device via a conductor, each AC/DC converter conprising a

cl ogked,.swi t¢ch npde power, s l.y; 15 wherein the length of the
conductBr | Stk e ARG St S e Spaceq BHiAnY Yt | n
any pr egiedsuey it Bdatfiedm the PPLYXLMSrtEO WelissipSePRitiRueEt héddl a CRNELEFREponstd, 35.
The use according to claim 34, wherein the electric consuner Is in a renote
or difficult to reach |location. 17

33. A system for supplying power from a first location to a remote location, the system comprising:

an AC voltage source;

10 a remote electrical device;

a plurality of AC/DC converters wherein the inputs of the AC/DC converters are
connected in parallel to the AC source and wherein outputs of the AC/DC converters are
connected serially to the remote electrical device via a conductor,

each AC/DC converter comprising a clocked switch mode power supply; and

15 wherein the length of the conductor is at least one kilometer.

34. The use of a system as claimed in any preceding claim for supplying power to an electrical

CoNnsumer.

20 35, The use according to claim 34, wherein the electric consumer is in a remote or difficult to reach

location.
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