WO 03/026114 PCT/ EP02/ 10468 1 Universal Energy Supply System The present
invention relates to a universal energy supply systemfor at |east one

el ectri cawoaefosaimer conprising at |east one AC voltage sowCTErantb4es cabl e
connection connecting the source withlthe electrical consuner, wherein an
AC/ DC converting nmeans is assigned to the AC vol tage source for converting
the AC voltage into DC voltage, which DC voltage can be supplied to the

el ectrical consunmer via the cable connection. In the case of such a

uni versal energy supply systemas 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 .l ,%{g to guarantee, in
particular, a high power n@hB%ﬁ"?Q' %ﬁ%ﬁ%@bﬁ' cg?lverti ng nmeans fails,
the energy supply of the electrical consunmer is interrupted. A redundant

systemw th respect to the converting means is too expensive and is very
difficult torealize in practice. Furthernore, it has been found that in
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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 into heat. Corresponding cooling systems which increase the

maintenance efforts and costs must be installed for discharging the heat.

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 relatively high at the same time and the system being

redundant.



2 This object is achieved in connection with the features of the preanble
of patent <claim1l in that the AC DC converting neans conprises a plurality
of AC/ DC womaMailtd ng units which are connected in parall elPCRiEPR2/1(368 AC

vol tage source on the input side and serially connected to the electrical
consuner on the output side, each conyerting unit being constructed as a
cl ocked switch node power supply. Due ?o the use of a plurality or

nmul titude of AC/ DC converting units, each individual converti ng unit is
only responsible for providing a speC|f|c amount of the volta needed on
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e.g. with 10, 20, 30 or more converting units an adequate voltage supply of the

electrical consumer is still ensured.

Since power and energy are distributed over many individual converting units, a
corresponding power loss of each converting unit is only converted into a relatively
small amount of heat. This amount can be discharged in an easy way, e.g., by air
guided past the converting unit. There is no need for the use of complicated and
possibly maintenance-intensive and expensive 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 show a smaller
power loss, lower weight, smaller volume, no noise development, reduced 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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el ectronics, screens, WO 03/026114 PCT/ EPO2/ 10468 3 cardi ac
defi bril I &WD®mB®261&4 c., and al so in neans which apart from &ChiEph2/wabg age
also require a high power. The switch node power supplies can be
subdivided into primarily and secondargly clocked switch node power
supplies. The secondarily clocked switch node power supplies include, for
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abl e totrﬁﬁﬁﬁéﬁmﬁfsa correspondi ng cl ocking operation in the flyback converter
in an easy way, said converter as the clocked sw tching nmeans conprises at

| east one transistor, in particular a power MOSFET or Bl MOSFET or also a
t hyri st &or instance, if the AC voltage source is a 380 V AC three-phase current source, a

voltage 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 another. Since
each flyback converter can be controlled or regulated individually, a highly accurate

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

Of course, 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.



WO 03/ 026114 PCT/ EPO2/ 10468 4 To be able to clock the switching nmeans in
an exact and reproducible way, the swtching means may be controlled for
cl ocki ng W9 oa/opithise wi dt h nodul ati on nmeans which can i n PaEmtEPOULESS be
controlled or regulated. This means outputs sequences of pulses which are
variable in their width and/or height gnd/or frequency. Preferably, a

pul se wi dt h nodul ati on neans may be used. In particular in the presence of

e re; TR 1 BRSK heffchia meafs Ry bADxebCat fatitatibrawapane | o

suffici e€reas two ul ated out puts are needed in the
case of swlishinguwhéareomegtieecentroliee fppuleckingdnsa stitse width modulgtinicregasaver t er

[ trolled b ' '

LZIQ§F2t &BﬁmM@rﬁéé@?%‘éﬁq%%n%@eﬁgﬁéwéléﬁfﬂu i e U eaU B0 SR

vol t age, val: 1S '

val uo 2R R B B YT e e o B g e e B s

wi dt h mpdigeatitenmaeargion heans iyt be abédda peiticuiar indtherwesangs of arends here
conpared with a sawooth-like voltage whose frequency defines the
swi t chi otpckdlyback conesrtery pagoUlseoYidin mdulﬁé%rrﬁ@%ﬁ@ i3, Uf?'ﬁéef}*e‘%?'ieaéf"wf’he

out put - poReiet Rt e abeshth B taforpudip fRoNARRF L2, Uy

to such a value that a safety distance with respect to the breakdown
vol tage of a conponent of the flgback converter, in particular, the
swi t chi fiperpeawes, transisibs g thedflybsck icoarere] isconielled by eowasrRAAINGPHIGe i s

A et oy .
conver ¢ Sisamose Bk e reuliefd | Sirpridicdhindie Rifstfedf¥iRyale 5,
conver t ipgh 8 st 09ad@iTrie a8l PALE W tholblasfe isssubiactdefionethelnet@fiot V.

The system as uqh re ins operative and can supply the el ectrical consumer
with = enalghambtiis diffdrerce & suphliediia areonig] asiifer ta thegpulsaaidift put

\rlnp Lg?gg &ﬁ&%ﬁ%‘@;@b@%yk‘@”,'gttthigée io? tr?et ic:cl)r|1tr Oasrﬁri)Itl%le? ié Ref& 3%B§Fe& \W/ﬁh
a sawtooth-like voltage whose frequency defines the switching rate of the flyback
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 to 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, in 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 such 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



all of the remaining converting units. Since each of the remaining
converting units nust only produce a m ni nrum anount of the m ssing 200 V,
the out puwowslt@ge is each tine increased by a small anmo®e/ERa/y468The
converting units may here be designed such that, for instance during
normal operation while all of the convgrting WO 03/026114 PCT/EP02/10468 5
units are working, the units only output - as the output voltage - a
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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
side into the cable. If said clocked feed is shifted by the phase shift of the clocking of
individual converting units e.g. by only 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.
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and a safe data transmission that is as fast as possible is obtained on an almost

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 least 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 controiler 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 controller controls the flyback
converters not only with respect to their output voltage, but also 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



and possibly also the electrical consunmer via the cable connection, a
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To permit a direct querying of different means and also of the electrical consumer via
the controller at the same time, a communication connection with the respective
means of the energy supply system and optionally with the electrical 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 monitoring. The pulse width modulation means may also contain a so-
called “soft-start circuit’ by which the ON period is gradually increased up to the

stationary value upon application 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 otherwise identical flyback converters, each individual one of the
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energy supply systemaccording to Fig. 1. Fig. | is a sinplified bl ock
di agram showi ng an enbodi nent of a universal energy

Fig. 1 is a block diagram of an embodiment of a universal energy supply system

according to the invention; and

Fig. 2 is a block diagram of an embodiment of a flyback 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 connected in parallel therewith input terminals 23 of an AC/DC converting unit 6
forming an AC/DC converting means 5. The line 24 is connected to a 380 V AC

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 detection and corresponding overcurrent



supply system 1 according to the invention. This systemconprises a line 24
which has connected in parallel therewith input termnals 23 of an AC/DC
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source. The AC/DC converting units 6 agpe fornmed by switch node power
supplies 7 designed as flyback conver?ers 8. These are primarily clocked;
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nmonitoring. Said circuits may be part of the flyback converter or assigned

to each of the flyback converters. O course, all flyback converters
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I ntegra c outpu ack . converters 8 are

connect eg\ﬂ'att&j Biic@tbPlttedrefdd Bincuits22 in series with the cable connection 4
formed by a coaxial cable 15. Even in the case of a thin cross-section,

consi derabl e power and a | arge anount of data can be transmtted via such
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whi ch alchee oatithip cross-sestion scansidesabletpayversiihadieptarneuntf ogta ggn%e

converting neans 5, the coaxial cable 15 c ' , ' '
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cross section resulting from the supply with DC voltage, the cable connection is

much cheaper in comparison with known cable connections via which alternating

current is transmitted.

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 means 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 frequency 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



t he coaxial cable 15. A data signal coupling/decoupling neans 13 is
arranged between the filter neans 12 and the at |east one electrical
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flows at a high pressure and possibly also with a large quantity through the fluid line
or into the same. It is also possible to provide a corresponding shut-off device
already during inflow, i.e. substantially at the source of the fluid, to prevent an

uncontrolled outflow of the fluid into the environment.

Of course, it is here of advantage when corresponding parameters of the actuators
and of the means controlled 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

communication connection.

The control 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

converting units 6 according to Fig. 1.



already during inflow, i.e. substantially at the source of the fluid, to
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connected in parallel with the line 24.

A capacitor 21 is wired in parallel with the secondary winding. Furthermore, the

flyback converter 8 comprises a pulse width modulation means 11 for clocking the

switching means 9.

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 9 is 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 output 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 total

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 voitage 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 control means is
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al so ovBigh § ~cabl e di stances and even in the case of a thin
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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 to 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.



adequat e vol tage and power supply on the output side is still provided for
the corresponding electrical consuners. The system according to the

i nvent i orwofoBee@ai14e nunber of advantages over e.g. only oRETIHPYhHIKS
converter used as the AC/DC converting neans, which nust provide the whole
power and voltage on the output side; g5 a rule only voltages of up to less
than 3000 V are possible on the output side because the electric strength
of the corresponding conponents ischepqw¥00 V breakdown volt age.
According to the invention the output voltage may be 3000 V, 6000 V, or
nmore. WO 03/026114 PCT/EPO2/ 10468 1:i CLAIMS 1 Universal energy supply
system (1) for at |east one electrical consuner (2) conprising at |east
one AC voltage source (3) and a cabl e connection (4) connecting the source

with the el eg%rﬁeibg@ax eﬁay@fm}?éya 1 'f& ANedS e cletmeal EbReLrABans (5) is

assigned to or converting the AC voltage into
DC vol t age, vdongiridiig xabletageneam beltageppdured (Bpanta cadlleconnectiorc@surmrer
(2) via the cable connection (4 ch ract el”l zed in
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side and are Serra conn ectrlc onsurrer
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swi tch node power supply (7 2. Universal ergy supply system r di ng
to claimil, claetHsakeonsstingr{2) M@tthet%?'%ﬁﬁ)'ﬂwmdé ) haracterizad,in t %aﬁge
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(6) which are connected in parallel with the AC voltage source (3) on the input

side and are serially connected to the electrical consumer (2) on the output

side, each converting unit (6) being constructed as a clocked switch mode

power supply (7).

2. Universal energy supply system according to claim 1, characterized in that
the switch mode power supply (7) is designed as a primarily clocked flyback

converter (8).

3. Universal energy supply system according to claim 1 or 2, characterized in
that the flyback converter (8) as a clocked switching means (9) comprises at

least one transistor, in particular power MOSFET or BIMOSFET.

4, Universal energy supply system according to any one of the preceding claims,
characterized in that the switching means (9) is controlled to clock a
particularly controllable or adjustable pulse modulation means, in particular

pulse width modulation means.

5. Universal energy supply system according to any one of the preceding claims,

characterized in that the output voltage of the switch mode power supply (7)



that the flyback converter (8) as a clocked switching neans (9) conprises
at |east one transistor, in particular power MOSFET or BI MOSFET. 4.

Uni ver salwennogpiisuppl y system accordi ng to any one of th@CHrEPOBUI4Y)
clainms, characterized in that the switching neans (9) is controlled to
clock a particularly controllable or gg ustable pul se nodul ati on neans, in
particular pulse width nodul ati on neans. 5. Universal energy supply system

according to iaraﬂ%'mam@ftotdm wies agitt @ lithialvakie belbatias besakduivi voltdu oftdie
out put voltage of the switch node power supply (7) WO 03/026114

PCT/ EP02/ 1046®Mpaaengry ofdeiSwieh e1qas RewerHRRY,Up Pesticulan thetswitghirg bel ow t he
br eakdown volhféggﬁifé a conponent of the switch node power supply, in
particul ar t c)hi ng neans (9). 6. Universal energy supply system
according to any one of the preceding clains, characterized in that the
clock frequency of the switching neans (9) is within the range of a few

ki | ohert&, i rlJpiaetsat enargy supe systegeacsordingdw emyrenesef thiel preeeding claims,

Uni ver sal ener S |y, syst according to apy one. of the pr di ng, .
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to one another. 87 Universal energy supply systenraccording to any one of
t he precedi ngilohertas, characterized in that a controller (14) is assigned

at least to the AC voltage source (3) and/or the AC/ DC converting neans
(5) and/or a data signal coupling/decoupling nmeans (13). 9. Universal

energy spppl YysYet&MeAeryy Sidhly s0stBRYaidditly thihyRSriF 6£in%reba4iRg claims,
characterized in that at least a few of the clocked switch mode power
supplies (7) are phase-shifted in their clock frequencies relative to one

another.

8. Universal energy supply system according to any one of the preceding claims,
characterized in that a controller (14) is assigned at least to the AC voltage
source (3) and/or the AC/DC converting means (5) and/or a data signal

coupling/decoupling means (13).

9. Universal energy supply system according to any one of the preceding claims,
characterized in that a filter means (12) is arranged between AC/DC

converting means (5) and electrical consumer (2).

10.  Universal energy supply system according to any one of the preceding claims,
characterized in that the data signal coupling/decoupling means (13) is wired
to the cable connection (4) between, in particular, filter means (12) and

electrical consumer (2).

11.  Universal energy supply system according to any one of the preceding claims,

characterized in that a communication connection is established by the



characterized in that a filter means (12) is arranged between AC/ DC
converting neans (5) and el ectrical consuner (2). 10. Universal energy
supply sywbeaizaaeor di ng to any one of the precedi ng cl ai nPCT/EPhALEG6R eri zed
in that the data signal coupling/decoupling nmeans (13) is wired to the
cabl e connection (4) between, in partiocywar, filter nmeans (12) and

el ectrical consuner (2). 11. Universal energy supply system according to
any one of t heoriratiee  Adbativeientthe redppsctiveenéare(2, 18, Bhat 728 coMMUNIZ AB) of
connection is established by the WD 03/026114 PCT/ EPO2/ 10468 15 controller
(14) between theenasapeeppysysiamst 2, 3, 5, 6, 7, 8, 9, 11, 12, 13) of the
energy supply system (1). 12. Universal energy supply systemaccording to
any one of the preceding clains, characterized in that the AC DC
convertif unihivepsnehessy é\JmW%Yst‘eﬁﬁé@éordﬁ@Ibfaﬂ y 6B tHelSnecabgdlaiis,
under vol t age detection neans (17 /or an  overcurrent nonitoring neans
(18). 13. Unischaragterizad bythalp ACHE eanvacting ummﬁgcompaaq aopewvert factos
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out put vol ta%veréﬂrreﬁ{r}h&ﬁﬁw mrnggmﬁppl y system according to any one of
the preceding clainms, chara erize that the cable connection (4)

conprises at |east one coaxial cable (15).
13.  Universal energy supply system according to any one of the preceding claims,
characterized in that each individual AC/DC converting unit (6) can be

controlled or regulated separately with respect to its output voltage.

14.  Universal energy supply system according to any one of the preceding claims,
characterized in that the cable connection (4) comprises at least one coaxial
cable (15).



