
WO 03/026112 PCT/EP02/10471  1 Universal Power Supply System  DESCRIPTION
The present invention relates to a universal power supply system for at
least one electric  consumer. The power supply system comprises at least
one AC source and a cable con- nection connecting said AC source to said
electric consumer. The AC source has associ- ated therewith an AC/DC
converter for converting the AC voltage into a DC voltage. The DC  voltage
generated in this way is adapted to be transmitted to the electric consumer
via the  cable connection. In the case of electric consumers necessitating
a high voltage and a high power, it turned  out that the use of such a
universal power supply system entails difficulties with respect to  the
generation and the stabilization of the voltage. In addition, if the AC/DC
converter fails  to operate, a supply of the electric consumer is no longer
possible, since a redundancy with  respect to the converter is normally
dispensed with for reasons of costs. Furthermore, when AC voltage is
converted into DC voltage by means of such an AC/DC  converter, the
generation of a substantial amount of heat within comparatively close
limits  will have to be reckoned with due to losses of the converter. This
heat must be dissipated  so as to prevent damage being caused to the
converter or to other components of the  power supply system which are
located adjacent said converter. The heat can be dissipated  e.g. by active
cooling systems, but this will entail additional structural components and
costs. It is therefore the object of the present invention to improve a
universal power supply sys- tem of the type mentioned at the start in such
a way that it is possible to provide a high and  stable voltage, even in
the case of high power requirements, in a reliable manner and at a
reasonable price, without any additional components for e.g. heat
dissipation being neces- sary. In connection with the features of the
generic clause of claim 1, this object is achieved in  



that the AC/DC converter comprises a plurality of AC/DC converter
components which, on WO 03/026112 PCT/EP02/10471  2 the input side thereof,
are connected in parallel with the AC source and which, on the output  side
thereof, are connected serially to the electric consumer. Due to this mode
of connection of the AC/DC converter components, each of these compo- nents
only serves to generate a certain percentage of the voltage on the consumer
or out- put side of the AC/DC converter. If the DC voltage which is to be
produced on the output  side amounts e.g. to 6000 V, said DC voltage can be
produced by e.g. 20 converter com- ponents having each an output voltage of
300 V. It is also possible to provide 30, 40 or 50  converter components,
each of these converter components providing then a respective  percentage
of the DC voltage required on the output side. In the simplest case, the
converter components all have the same type of structural design  so that,
in the case of n converter components, each converter component produces
the nth  percentage of the necessary output voltage from the AC voltage
applied to the input side. In contrast to an AC/DC converter for producing
e.g. 6000 V, such converter components  are easy to handle and easy to
maintain. The dissipation heat per converter component is  here normally so
low that separate cooling means can be dispensed with. If the converter
components are arranged comparatively close to one another, simple cooling
means con- ducting e.g. cooling air over the converter components will
suffice even in the case of high  power. In comparison with known
converters, the costs for cooling this AC/DC converter  are, however,
reduced substantially. If one of the converter components fails to operate,
the output voltage will only be reduced  by said nth part so that also the
remaining n-1 converter components will still provide a suffi- ciently high
voltage for the electric consumer. Only if a plurality of converter
components  fails to operate, it may prove to be necessary to replace said
converter components, at least  partially. In any case, if one or a
plurality of converter components fails to operate, it is still  guaranteed
that the voltage supplied to the electric consumer will still be
sufficiently high to  



permit operation thereof (redundancy). A simple and reliable AC source can
be seen in an embodiment in which said AC source is  a 380 V three-phase
power source. WO 03/026112 PCT/EP02/10471  3 A converter component of the
type mentioned at the beginning can be defined e.g. by a  linearly
controlled converter component. Such converter components have, however, a
comparatively low efficiency which is in most cases as low as 25 to 50%. It
follows that, in  the case of high power values in the kilowatt range, the
dissipation power will normally at  least correspond to the power
delivered. This results not only in high energy losses but also  in a
cooling problem, even if a plurality of converter components is provided.
The dissipation power of the converter components can easily be reduced by
implementing  said converter components as switched mode (mains) power
supplies. Such a switched  mode power supply is provided with a switch
causing said converter component to be con- nected to and separated from
the mains e.g. in accordance with the mains voltage of 50 Hz.  The losses
can be reduced still further when the switched mode power supply is clocked
independently of the mains frequency of e.g. 50 Hz. Clock pulse control at
higher frequen- cies is preferred in this connection. Various realizations
of such a clocked switched mode power supply are known. The first
subdivision that can be carried out is a division into switched mode mains
power supplies  clocked on the secondary side and those clocked on the
primary side. In both said funda- mental versions, it is possible that a
current flows constantly into a storage capacitor of the  switched mode
mains power supply or that a current is only discharged at certain time in-
stances so that the converter in question is referred to as a feed forward
converter or a fly- back converter. In order to obtain a compact and
reliable component, the switched mode  mains power supply according to the
present invention can, for example, be implemented  as a flyback converter.
This flyback converter can preferably be clocked on the primary side  so as
to obtain a galvanic separation between the input and output sides, and it
can be a  



single-phase or a push-pull converter. Single-phase converters are, in this
context, advan- tageous insofar as they normally require only one power
switch as a clock switching means.  This power switch can be implemented
e.g. as a power MOSFET or as a BIMOSFET. In  addition, also thyristors may
be used as clocked switching means especially when high  power values in
the kilowatt range are involved. The above-mentioned switched mode mains
power supplies have, especially in the case of  higher power values, a
plurality of advantages, such as a lower dissipation power, a lower WO
03/026112 PCT/EP02/10471  4 weight, a smaller volume, no generation of
noise, less smoothing outlay and a larger input  voltage range. Switched
mode mains power supplies and especially also flyback converters  are used
in a great variety of fields of application, such as microwave ovens,
computers,  electronic adapting equipment for fluorescent lamps, industrial
and entertainment electron- ics, screens, cardiac defibrillators and the
like. Flyback converters are also excellently suit- able for use in fields
of application where a high power is required on the output side. A pulse
width modulation means, in particular a pulse width modulation means which
is  adapted to be controlled or regulated, can be provided for activating
the switching means of  the flyback converter or of the switched mode mains
power supply in a suitable manner.  This pulse width modulation means is
capable of producing a series of pulses which are  adapted to be varied
with respect to their width and/or height and/or frequency. A frequently
used pulse modulation means is a pulse width modulation means. This pulse
width modula- tion means produces a pulse width-modulated signal whose
clock cycle ratio can be con- trolled in accordance with a measured actual
value of the output voltage. The measured  actual value of the output
voltage can e.g. be subtracted from the desired value and this  difference
can be supplied via a control amplifier to the pulse width modulation
means.  Here, the output voltage of the control amplifier can be compared
with a sawtooth voltage  whose frequency determines the switching frequency
or clocking of the switched mode  mains power supply. Depending on the
result of this comparison, the switching transistor is  



then switched on or off, whereby a desired output voltage can be adjusted.
In accordance with an advantageous embodiment, the maximum output voltage
of the  switched mode mains power supply is chosen such that it does not
exceed a limit value  below the breakdown voltage of a respective component
of the switched mode mains power  supply, especially of the switching
means, so that a safety distance from the breakdown  voltage is kept. As
has already been mentioned hereinbefore, the flyback converter belongs to
the convert- ers that are clocked on the primary side, i.e. it is
galvanically separated between the input  and the output. WO 03/026112
PCT/EP02/10471  5 In this connection, it may of advantage when the flyback
converter provides a plurality of  galvanically separated, controlled
output voltages. The clock frequency of the switching means can be in the
kilohertz range and in particular  in the hundred-kilohertz range so as to
permit a sufficiently fast clocking of the switching  means and, in this
connection, a comparatively low dissipation power of the flyback con-
verter. For example, flyback converters are known, which are clocked in the
range of from  20 kHz to 200 kHz. Lower and higher clock frequencies are,
however, possible as well. In order to avoid, especially in the case of
high power values, the necessity of providing  separate cooling means for
the converter components, said converter components can be  arranged in
spaced relationship with one another. The spatial distance is, however, so
small  that, normally, it corresponds only to the dimensions of one
converter component. A filter means can be arranged between the AC/DC
converter and the electric consumer so  that, if necessary, the DC voltage
generated by the AC/DC converter can be smoothed still  further. In the
case of certain electric consumers, it may prove to be advantageous when
also a  signal connection is provided in addition to a voltage supply. In
order to avoid the necessity  of providing an additional cable connection
to the electric consumer for this purpose, a  



means for coupling data signals in/out can be connected to the cable
connection, said  means for coupling data signals in/out being especially
located between the filter means  and the electric consumer. This means for
coupling data signals in/out can, on the one  hand, be used for coupling
respective data signals into the data connection for e.g. control- ling the
electric consumer or for supplying information thereto. In the opposite
direction,  data received from the electric consumer can be coupled out
from the cable connection  and used e.g. for monitoring the electric
consumer by means of suitable units, such as  computers and the like. In
this connection, it must betaken into account that data transmission on the
basis of the  output-side DC voltage can be effected with less interference
and with a higher velocity  than in cases in which the electric consumer is
supplied with an AC voltage. WO 03/026112 PCT/EP02/10471  6 At least the AC
source and/or the AC/DC converter and/or the means for coupling data sig-
nals in/out may have associated therewith a controller so that the various
units of the power  supply system according to the present invention can be
monitored, controlled or, if neces- sary, regulated more effectively. This
controller can e.g. also detect whether one of the con- verter components
implemented as a flyback converter has failed. If such failure is de
tected, the other flyback converters can be activated such that they
compensate for the fail- ure of said one flyback converter in that a
slightly higher output voltage is e.g. delivered by  each of the other
flyback converters. The controller can also control the pulse width
modulation means in this connection. The controller can not only by used
for monitoring purposes alone, but it is also possible to  use it for
establishing a communication connection between the respective units of the
power supply system. This will be of advantage especially in cases in which
the various  units are arranged at comparatively large distances from one
another and/or at inaccessible sites. With the aid of this communication
connection, physical examination or maintenance  can be limited to rare
cases or to cases where the unit in question has to be replaced. 



The cable connection may comprise at least one coaxial cable so that, even
if high power is  to be transmitted and if voltage and data are transmitted
simultaneously, said cable con- nection can be established such that it has
a small cross-section, whereby costs will be  saved, especially in the case
of long distances. Since the voltage transmitted through the  coaxial cable
is a DC voltage, only line losses will occur, whereas additional
attenuation  losses, which are caused by a transmission of AC voltages, are
avoided. In connection with the converter components and especially the
flyback converters used as  such components, attention should also be paid
to the fact that each of each of said con- verter components should be
adapted to be controlled or regulated separately with respect  to its
output voltage. The inputs of the converter components are arranged in
parallel in  each converter component so that the voltage supply and,
consequently, current and power  are fully separated. It follows that,
irrespectively of the output voltage, also the total power  of the system
can be adapted according to requirements. A completely free selection of
the  power and of the output voltage is therefore possible. Due to the use
of a plurality of con- verter components, an extremely exact and precise
control of the output voltage as well as WO 03/026112 PCT/EP02/10471  7 of
the power are additionally obtained, since each converter component
controls independ- ently of the other components only its own range. If one
of the converter components fails to operate, the power supply is still
guaranteed (re- dundancy), since the other converter components are
activated in a suitable manner so that  the power failure of the converter
component that failed to operate will be compensated for  on the output
side. The respective range within which each of the still operative
converter  components has to be adjusted is extremely small, since a
comparatively low increase in  the voltage on the output side of the
plurality of converter components will already lead to a  substantially
higher increase in the total output voltage. In connection with each
converter component and especially in connection with the flyback
converter it is possible to dispense with additional components, i.e. to
implement said con- 



verter components e.g. as integrated circuits comprising in addition to the
actual flyback  converter other elements, such as a power factor control
means, an undervoltage detection  means, an overvoltage monitoring means, a
so-called "soft start" and the like. It should also be pointed out that,
due to the DC voltage transmitted on the output side to  the electric
consumer, thin line cross-sections are possible especially when a coaxial
cable  is used as a cable connection; these thin line cross-sections permit
a substantial reduction  of the cable connection costs. In particular when
the distances to the electric consumer are  in the kilometer range and when
the distances amount to 50 kilometers and more, a sub- stantial amount of
costs will be saved, although the coaxial cable can simultaneously be  used
for transmitting data as well. Expensive capacitors, such as electrolytic
filter capacitors, are no longer necessary for  smoothing the DC voltage on
the output side. In addition, power factor correction can take  place
directly in the flyback converter; a suitable means for effecting this
correction can be  included in the flyback converter or rather in the
integrated circuit thereof. The high clock  frequency of the flyback
converter simultaneously guarantees that the AC voltage on the  input side
is sampled in full width, whereby a high efficiency is obtained. In the
following, an advantageous embodiment of the present invention will be
explained  making reference to the figures added as drawings, in which: WO
03/026112 PCT/EP02/10471  8 Fig. 1 shows a schematic representation of an
embodiment of the universal power  supply system, and Fig. 2 shows a
schematic circuit diagram of an embodiment of a flyback converter  clocked
on the primary side and used as a converter component. Fig. 1 shows a
schematic circuit diagram of an embodiment of the universal power supply
system 1 according to the present invention. This universal power supply
system comprises  a 380 V three-phase AC power source 3. The AC voltage is
adapted to be transmitted to an  AC/DC converter 5 via a line 24. This
AC/DC converter 5 is composed of a plurality of 



AC/DC converter components 6 which are connected in parallel to the line 24
via respective  input terminals 23. The AC/DC converter components 6 are
defined by a switched mode power supply 7 and,  in particular, by a flyback
converter 8 clocked on the primary side and acting as a switched  mode
power supply 7. On the output side, the various converter components 6 are
serially connected to one an- other via respective output terminals 22 and
they are connected to a coaxial cable 15 acting  as a cable connection 4.
Via said cable connection 4, an electric consumer 2 has electric  power
supplied thereto. Between the AC/DC converter 5 and the electric consumer
2, a  means for coupling data signals in/out 13 is additionally connected
to the cable connection  4. Said means for coupling data signals in/out 13
is used for feeding in respective data sig- nals or for coupling out data
signals that have been received from the electric consumer 2  or from units
associated therewith. The transmission of the data signals is also effected
via  the cable connection 4 implemented as a coaxial cable 15. In Fig. 1,
only one electric consumer 2 is shown. Normally, a plurality of electric
consumers  has supplied thereto electric power and also data via the cable
connection 4 from the uni- versal power supply system 1 according to the
present invention. Such electric consumers  are e.g. actuators located at
sites which are far away and/or not easily accessible. The ac- tuators
control e.g. units of fluid lines, such as valves, shut-off devices,
restrictors, pumps  and the like, so that the flow of fluid into and along
the fluid line is controlled and shut off in WO 03/026112 PCT/EP02/10471  9
emergency cases, such as leakage, line fractures or the like, and so that
also parameters of  the fluid, of the fluid flow or of the respective units
are monitored and controlled. The fluid is  normally fed into the lines
under high pressure from a respective fluid source and con- ducted along
said lines e.g. from the bottom to the surface of the sea. Since such a
fluid  normally contains aggressive or environmentally noxious components,
a power supply and  remote control which can be effected with the aid of
the universal power supply system 1  



according to the present invention will be of great advantage. The remote
control of the respective actuators can in this connection be carried out
via the  communication connection established with the aid of the means for
coupling data signals  in/out 13. All the units of the universal power
supply system 1, including, if desired, the electric con- sumer 2, are
adapted to be controlled and/or regulated by a controller 14. In addition,
a  relevant monitoring of parameters of the various units can be carried
out. In Fig. 1, the con- troller 14 is connected to the various units via
connections represented by broken lines, so  as to control, regulate and/or
monitor said units. The switched mode power supplies 7 and flyback
converters 8, respectively, can be imple- mented as integrated circuits.
These integrated circuits directly comprise respective further  units, such
as power factor control means 16, undervoltage detection means 17 or over-
voltage monitoring means 18. In order to simplify matters, these additional
units are shown  in Fig. 1 only in the case of one flyback converter 8;
normally, they are, however, compo- nent parts of all flyback converters.
Fig. 2 shows a simplified embodiment for a flyback converter 8 acting as a
switched mode  power supply 7. The flyback converter 8 comprises a
transmitter 19 consisting of a primary  winding connected to the input
terminal 23 and of a secondary winding connected to the  output terminal
22. An effective magnetic coupling exists between these two windings. The
transmitter acts as a magnetic energy storage. When a switching means 9 in
the form of a  power transistor 10 is closed, the current will increase in
the primary winding and energy  will be stored in the transmitter. When the
switching means 9 is opened, the stored energy  on the side of the
secondary winding will be supplied to a smoothing capacitor 21 via a di-
ode 20. The stored energy is fed in, in the form of an AC voltage, via the
output terminal 22. WO 03/026112 PCT/EP02/10471  10 The respective flyback
converters have their output terminals 22 serially connected to the  cable
connection 4, cf. Fig. 1. 



For activating or clocking the switching means 9, i.e. the power transistor
10, a pulse width  modulation means 11 is provided in the flyback converter
8. Said pulse width modulation  means 11 produces a pulse width-modulated
signal whose clock cycle ratio is controlled in  accordance with the
measured actual value of the output voltage. For this purpose, the ac- tual
value measured at the output of the flyback converter is subtracted from
the respective  desired value and this difference is supplied, via a
control amplifier of the flyback converter,  to the pulse width modulation
means 11. Here, the output voltage of the control amplifier is  compared
with a sawtooth voltage whose frequency determines the clock frequency of
the  flyback converter. Depending on the result of this comparison, the
switching means 9 is  switched on or off and the desired output voltage is
adjusted in this way. For controlling the flyback converter, there are
integrated circuits, which can be associated  with or included in each of
the flyback converters 8 according to Fig. 1. These integrated  circuits
also comprise the protection circuits, e.g. undervoltage detection means,
overcur- rent monitoring means, soft starting means and the like, which are
required for operating  the flyback converter. WO 03/026112 PCT/EP02/10471
11 Universal Power Supply System  CLAIMS  1. A universal power supply
system (1) for at least one electric consumer (2), comprising at least one
AC source (3) and a cable connection (4) connecting said AC source (3) to
said electric consumer (2), the AC source (3) having associated therewith
an AC/DC  converter (5) for converting the AC voltage into a DC voltage,
said DC voltage being  adapted to be transmitted to the electric consumer
(2) via the cable connection (4),  characterized in that the AC/DC
converter (5) comprises a plurality of AC/DC converter components (6)
which, on the input side thereof, are connected in parallel with the AC
source (3) and  which, on the output side thereof, are connected serially
to the electric consumer (2). 



2. A universal power supply system according to claim 1,  characterized in
that the AC source (3) is a 380 V three-phase power source. 3. A universal
power supply system according to claim 1 or 2,  characterized in that the
AC/DC converter component (6) is implemented as a switched mode power
supply  (7). 4. A universal power supply system according to one of the
preceding claims,  characterized in that the switched mode power supply (7)
is clocked especially on the primary side.  5. A universal power supply
system according to one of the preceding claims,  characterized in that the
switched mode power supply (7) is implemented as a flyback converter (8).
6. A universal power supply system according to one of the preceding
claims,  characterized in that the flyback converter (8) implemented as a
clocked switching means (9) comprises at WO 03/026112 PCT/EP02/10471  12
least one transistor, especially a power MOSFET or a power BIMOSFET.  7. A
universal power supply system according to one of the preceding claims,
characterized in that for the purpose of clock pulse control, the switching
means (9) is activated by a pulse  modulation means (11), in particular a
pulse width modulation means, which is adapted  to be controlled or
regulated. 8. A universal power supply system according to one of the
preceding claims,  characterized in that the output voltage of the switched
mode power supply (7) can be adjusted to any value  up to a limit value
below the breakdown voltage of a component of the switched mode  



power supply (7), especially of the switching means (9). 9. A universal
power supply system according to one of the preceding claims,
characterized in that the flyback converter (8) is adapted to supply a
plurality of galvanically separated, con- trolled output voltages. 10. A
universal power supply system according to one of the preceding claims,
characterized in that the clock frequency of the switching means (9) is in
the kilohertz range and in particular  in the hundred-kilohertz range. 11.
A universal power supply system according to one of the preceding claims,
characterized in that the AC/DC converter components (6) are arranged in
spaced relationship with one an- other. 12. A universal power supply system
according to one of the preceding claims,  characterized in that a filter
means (12) is arranged between the AC/DC converter (5) and the electric
con- sumer (2). WO 03/026112 PCT/EP02/10471  13 13. A universal power
supply system according to one of the preceding claims,  characterized in
that a means for coupling data signals in/out (13) is connected to the
cable connection (4),  said means for coupling data signals in/out being
especially located between the filter  means (12) and the electric consumer
(2). 14. A universal power supply system according to one of the preceding
claims,  characterized in that at least the AC source (3) and/or the AC/DC
converter (5) and/or the means for cou- pling data signals in/out (13)
has/have associated therewith a controller (14). 



15. A universal power supply system according to one of the preceding
claims,  characterized in that a communication connection between the
respective units (3, 5, 6, 7, 8, 9, 10, 11, 12,  13, 2) of the power supply
system (1) can be established by means of the controller  (14). 16. A
universal power supply system according to one of the preceding claims,
characterized in that the cable connection (4) comprises at least one
coaxial cable (15). 17. A universal power supply system according to one of
the preceding claims,  characterized in that each individual AC/DC
converter component (6) is adapted to be controlled or regulated
separately with respect to its output voltage. 18. A universal power supply
system according to one of the preceding claims,  characterized in that the
AC/DC converter component (6) comprises a power factor control means (16).
19. A universal power supply system according to one of the preceding
claims,  characterized in that the AC/DC converter component (6) comprises
an undervoltage detection means WO 03/026112 PCT/EP02/10471  14  and/or an
overvoltage monitoring means. 


