
WO 03/026114 PCT/EP02/10468  1 Universal Energy Supply System The present
invention relates to a universal energy supply system for at least one
electrical consumer comprising at least one AC voltage source and a cable
connection connecting the source with the electrical consumer, wherein an
AC/DC  converting means is assigned to the AC voltage source for converting
the AC  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 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. WO
03/026114 PCT/EP02/10468  



2 This object is achieved in connection with the features of the preamble
of patent  claim 1 in that the AC/DC converting means comprises a plurality
of AC/DC  converting units which are connected in parallel with the AC
voltage source on the  input side and serially connected to the electrical
consumer on the output side, each  converting unit being constructed as a
clocked switch mode power supply. Due to the use of a plurality or
multitude of AC/DC converting units, each individual  converting unit is
only responsible for providing a specific amount of the voltage  needed on
the output side. If all of the converting units are of a similar
construction,  each individual converting unit provides, for instance, only
the nth part of the  necessary 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 small that  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, WO 03/026114 PCT/EP02/10468  3 cardiac
defibrillators, etc., and also in means which apart from a high voltage
also  require a high power. The switch mode power supplies can be
subdivided into primarily and secondarily  clocked switch mode power
supplies. The secondarily clocked switch mode power  supplies include, for
instance, step-down and step-up converters. However, in order  to realize
an electrical isolation between input and output, primarily clocked switch
mode power supplies and, in particular, flyback converters may be used
according to  the invention as converting units. Such flyback converters
are also called isolating  transformers. For 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/EP02/10468  4 To be able to clock the switching means in
an exact and reproducible way, the  switching means may be controlled for
clocking by a pulse width modulation means  which can in particular be
controlled or regulated. This means outputs sequences of  pulses which are
variable in their width and/or height and/or frequency. Preferably, a
pulse width modulation means may be used. In particular in the presence of
an end  clock flyback converter, one pulse width modulation means is
sufficient, whereas two  pulse width-modulated outputs are needed in the
case of push-pull converters. The power transistor in the flyback converter
is controlled by a corresponding pulse  signal whose duty factor is
regulated in accordance with the measured actual value  of the output
voltage. The actual value of the voltage is subtracted from the setpoint
value and this difference is supplied via a control amplifier to the pulse
width modulation means. The output voltage of the control amplifier is here
compared with  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 WO 03/026114 PCT/EP02/10468  5
units are working, the units only output - as the output voltage - a
fraction of the  maximum output voltage that can be produced by them. As a
result, the readjustment  range is relatively large, so that several
converting units may also fail without  collapse of the system
(redundancy). Preferably, the flyback converter is clocked within a range
of a few kilohertz to  several hundred kilohertz. For instance, clock
ranges of 20 kHz to 200 kHz are  known for such flyback converters. If the
clock frequency is here relatively high, the whole width of a corresponding
oscillation of the AC voltage to be converted is  scanned and used for the
purpose of conversion into a corresponding DC voltage.  Interference
frequencies on the cable connection are also approximately within the
range of the clock frequency, which results in already relatively high
interference  frequencies 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  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. WO 03/026114 PCT/EP02/10468  6 Such a shift in the
cutoff frequency of the system is in particular of considerable  advantage
when a data transmission takes place via the cable connection
simultaneously with the energy supply. To this end a data signal
coupling/decoupling  means may be provided according to the invention. Said
means serves both to feed  data which are e.g. to be transmitted on the
electrical consumers, and to decouple  data received by the electrical
consumers or other units of the means of the energy  supply system. Since a
corresponding data signal transmission normally takes place within the
range of a few 10 kHz, possible residual interferences by the system cutoff
frequency are far away from any data transmission bandwidth. Troublesome
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 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 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 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 WO 03/026114 PCT/EP02/10468  7 one and possibly also
which one of the flyback converters has failed or is impaired in  its
function. At the same time, the controller can control the remaining
flyback  converters such that they compensate for the voltage failure. A
corresponding  message may also be sent. After failure of a number of
flyback converters the  system according to the invention may also send a
corresponding repair request  through the controller, whereby full
operability of the energy supply system would be  guaranteed up to the time
of the repair. The controller may also detect further possible defects in
the energy supply system  and optionally also in the electrical consumers
fed by the system. For instance,  electrical consumers may optionally 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 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
WO 03/026114 PCT/EP02/10468  8 converters may be separately controlled or
regulated with respect to its output  voltage. This is normally carried out
via the pulse width modulation means. In particular when the various
flyback converters are spatially separated from one  another (the spatial
distance need here only be in the order of the dimension of a  flyback
converter itself), there is already enough space between the individual
flyback converters to guarantee cooling with respect to the heat loss only
by air or  water flow. Other complicated cooling systems are not needed. An
advantageous embodiment of the invention shall now be explained in more
detail  in the following with reference to the figures attached to the
drawing, in which: Fig. 1 is a block diagram of an embodiment of 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. I 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 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. Of course, all flyback converters
according to Fig. 1 may be provided with such an  integrated circuit or
integrated circuits. On the output side, the flyback converters 8 are
connected with an output terminal  22 in series with the cable connection 4
formed by a coaxial cable 15. Even in the  case of a thin cross-section,
considerable power and a large amount of data can be  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 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 WO 03/026114
PCT/EP02/10468  10 frequency is far away from any data transmission
bandwidth and a reliable data  transmission at a high speed is thereby
possible. The electrical consumer 2 may e.g. be an actuator, and it is
self-evident that several  electrical consumers 2 can be supplied
accordingly via the coaxial cable 15 with  both power and data. Such an
actuator serves e.g. to control means along a fluid  line. The
corresponding means and actuators, respectively, for the actuation thereof
are normally arranged at places which are difficult to reach or are
impassable and  confined. The fluid can flow at a high pressure into or
through the fluid line, so that  e.g. one means is an emergency shut-off
unit which in case of leakage in the fluid  line prevents possibly
aggressive or environmentally harmful fluid from exiting into  the
environment. Further means for actuation by the actuators are valves,
throttles,  pumps, or the like. As a rule, the actuators require much power
because 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 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. WO 03/026114 PCT/EP02/10468  11 The flyback converter 8 comprises a
primary and secondary winding as the  transformer 19. The primary winding
is wired at one of its ends with the input  terminal 23 and at its other
end with the switching means 9. The switching means 9  is designed as a
power MOSFET 10. Furthermore, it is possible to design the  switching means
9 as a BIMOSFET or as a power thyristor. The secondary winding is wired via
a diode 20 with the output terminal 22, the  corresponding output terminals
22 of all flyback converters 8 according to the Fig. 1  being arranged such
that these are serially connected with the coaxial cable 15. The  input
terminals 23 are wired accordingly such that all flyback converters 8 are
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 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 control means is WO 03/026114
PCT/EP02/10468  12 normally at least twice as high as the maximum supply
voltage. This means that at  380 V AC three-phase current the breakdown
voltage is about 800 V. Accordingly, it is possible to precisely regulate
the power for an electrical consumer  with the associated voltage and to
carry out the regulating operation with a multitude  of flyback converters.
Moreover, the phase shift in the clocking of each flyback  converter yields
a very high cutoff frequency of the system which permits an
interference-free data transmission via the corresponding cable connection
also 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 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 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. WO 03/026114 PCT/EP02/10468  1:i CLAIMS  1 Universal energy supply
system (1) for at least one electrical consumer (2)  comprising at least
one AC voltage source (3) and a cable connection (4)  connecting the source
with the electrical consumer (2), wherein an AC/DC  converting means (5) is
assigned to the AC voltage source (3) for converting  the AC voltage into
DC voltage, which DC voltage can be supplied to the  electrical consumer
(2) via the cable connection (4), characterized in that the  AC/DC
converting means (5) comprises a number of AC/DC converting units  (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) WO 03/026114
PCT/EP02/10468  14 is adjustable to any value up to a limit value below the
breakdown voltage of a  component of the switch mode power supply, in
particular the switching  means (9). 6. Universal energy supply system
according to any one of the preceding claims,  characterized in that the
clock frequency of the switching means (9) is within  the range of a few
kilohertz, in particular in the range of a few hundred kilohertz.  7.
Universal energy supply system according to any one of the preceding
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 WO 03/026114 PCT/EP02/10468  15 controller
(14) between the respective means (2, 3, 5, 6, 7, 8, 9, 11, 12, 13) of  the
energy supply system (1). 12. Universal energy supply system according to
any one of the preceding claims,  characterized in that the AC/DC
converting units comprise a power factor  control means (16) and/or an
undervoltage detection means (17) and/or an  overcurrent monitoring means
(18). 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). 


