WO 03/ 026115 PCT/ EPO2/ 10469 1 DC Converter A DC converter is connected to
a DC source on its input side. On the output side, the DC converter
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6000 V, are, however, not available or they can hardly be realized technically. If such a

converter is nevertheless suitable for such high DC voltages, the whole system will collapse

if the converter fails to operate. In addition, even if the efficiency is comparatively high, the

DC converter will have a dissipation power that produces a substantial amount of heat

comparatively locally. This amount of heat may destroy certain components of the con-

verter. In order to avoid such destruction, complicated cooling systems are required which

entail high costs.

It is therefore the object of the present invention to improve a DC converter of the type
mentioned at the start in such a way that it has a comparatively simple structural design and
is able to reliably convert high DC voltages even in the case of high power, and in such a
way that the reliability of the converter is increased and cooling systems entailing high costs
can be dispensed with.

In connection with the features of the generic clause of claim 1, this object is achieved in
that the DC converter comprises a plurality of DC converter components, each of said DC
converter components being, on the input side, serially connected to the DC source and, on
the output side, connected in parallel to the cable connection so as to provide the converted
DC voltage for the electric consumer.



that the DC converter conprises a plurality of DC converter conponents,
each of said DC converter conponents being, on the input side, serially
connect edwD®30E1DC source and, on the output side, connectra®or/miparall el
to the cable connection so as to provikde the converted DC voltage for the
el ectric consumer. WO 03/026115 PCT/ EPO2/ 10469 2 Due to the plurality of
DC converter conponents used, each converter conponent only has to deal
with part of the high input voltage, said high input voltage being
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ar eggé@sre converted by the various converter components into identical output voltages.

The fact that the voltage conversion is distributed to a plurality of converter components
also guarantees that a failure of one, two or more than two converter components will not
lead to a breakdown of the whole supply of the electric consumer on the output side. In-
stead, the converter components which are still capable of operating can, when adjusted
accordingly, replace the ineffective converter components fully or at least to a very large
extent (redundancy).

In view of the fact that also the dissipation power of the DC converter is distributed to said
plurality of converter components, the heat development is distributed over a larger area as
well, and can be eliminated by simple cooling systems. When the distance between the re-
spective converter components is sufficiently large in this connection, so that the converter
components will not mutually heat themselves, cooling by the ambient air or by another
medium surrounding the converter components may be sufficient, so that separate cooling

means can be dispensed with.

Such converter components for an input voltage of e.g. a few hundred volts are nowadays
commercially available, whereas converter components for a few thousand or for several
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they require only a small amount of filtering means and their price-performance payoff is

more advantageous.

There are electric consumers which require both a high voltage and a high power. If the
power and the voltage are suddenly demanded, when the electric consumer is switched on,
and are not yet available in the system, the system may collapse due to a feedback to e.g.
the DC source. In order to avoid such a collapse and a negative feedback, the clocked
switched mode mains power supply has on the input side thereof a load which is connected

in paralle! to a transmitter of said switched mode mains power supply.

The DC converter according to the present invention is so conceived that, already prior to
switching on or supplying the electric consumer, the voltage and the power in the system
are increased to at least the values demanded by the electric consumer. Until the electric
consumer actually operates, the voltage drops across the load and the power is converted
into heat as dissipation power. Only when the load will then demand power, this power will
be supplied via the various converter components and less voltage will drop across the load
and be converted into heat.



the DC source. In order to avoid such a collapse and a negative feedback,
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nected or additionally connected.

If a supply of components by the DC converter according to the present invention is not
necessary, the voltage and the power can also be switched off completely or reduced to

Zero.

As soon as there is again a demand from an electric consumer, voltage and power are

again built up within a few milliseconds.

During application of full voltage and of full power, especially the DC source has always
applied thereto a uniform load, since a suitable distribution of voltage and power to the

Zener diode and the electric consumer takes place in situ at the DC converter.

The Zener diode can be implemented in the form of field effect transistors or load resistors.
This also permits a control of the voltage drop across the Zener diode so as to adapt the
Zener diode to the requirements in question.
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nos icomipbnednThé soltém is GahiliEdag tom ttae:gadﬁant%@gédhﬁsat\mmmoshe swi t ched node
mai ns power supply is clocked on the primary side so as to galvanically
separate the output side and the input side.

It can also be considered to be advantageous when the switched mode mains power supply
is clocked on the primary side so as to galvanically separate the output side and the input
side.

The switched mode mains power supply can be implemented as a push-pull converter so
as to use a switched mode mains power supply which is also well adapted to high power
values. The push-pull converter can be implemented as a half-bridge or as a full-bridge

push-pull converter.

The switched mode mains power supply can include a switching transistor, especially a
power MOSFET or a power BIMOSFET, so that a transmitter of the switched mode mains
power supply, which is clocked on the primary side, can be switched electronically in a sim-
ple way. In this connection, attention should be paid to the fact that, e.g. for a full-bridge

push-pull converter, four such switching transistors are respectively connected in pairs.

The switching transistors can be clocked in a push-pull mode with a clock cycle ratio of 1:1
so as to obtain a low current consumption of the transmitter in the push-pull converter.

In order to obtain the least possible amount of harmonic waves on the output side, the

switched mode mains power supplies of the DC converter can be clocked synchronously.



The swi tched node nmai ns power supply can be inplenmented as a push-pull
converter so as to use a sw tched node nai ns power supply which is also
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i npl emented as a half-bridge or as a bull-bridge push-pull converter. The
swi t ched node mains power supply can include a switching transistor,
especially a power MOSFET or a povver Bl MOSFET, so that a transmtter of
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quires only a small cross-section for transmitting the DC voltage and which also permits a
reliable and faster transmission through the communication connections, the DC converter

can be connected to the DC source via a coaxial cable connection.

In order to remove interfering frequencies especially from the frequency range required for
the communication connection, the DC converter can be provided with a filter means pre-
ceding said DC converter on the input side thereof. This filter means filters especially a fre-

quency range of up to approx. 50 kHz.

In order to realize suitable communication connection in a simple way and only after the
filtering, a means for coupling data signals in/out can be connected upstream of said filter
means in the direction of the DC source.

A controller can be associated with at least the DC converter and the components thereof
so as to design the DC converter in such a way that said DC converter and, if necessary,
also the electric consumer connected thereto can be can be controlled and monitored
autarkically. This controller can e.g. detect failure of a converter component and, if desired,
also the position of said converter component. This information can be transmitted via the
communication connection and the means for coupling data signals in/out to the DC source
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In order to activate the switching means of the various switched mode mains power sup-
plies while controlling or regulating especially the controller, the switched mode mains
power supply can be provided with a pulse modulation means which outputs a series of
pulses having variable widths and/or heights and/or frequencies so as to clock the switching

means in question or rather the switching transistors defining the same.

It should additionally be pointed out that the filier means between the DC converter and the
DC voltage source can be realized e.g. by comparatively small capacitors, since, due to the
fact that the individual converter components are clocked in a phase-shifted mode, the cut-

off frequency of the system is very high.

The use of a load on the input side of each converter component is particularly advanta-
geous according to the present invention. The load is important especially when the system
is powered up to high voltages, e.g. from 3000 V to 6000 V, and when the power level
made available to the electric consumers is increased accordingly, since said load permits
powering up of the overall system before the electric consumer is actually connected or ad-
ditionally connected. As long as power is not yet demanded by one of the electric consum-



supply and, consequently, also the output voltage thereof to such an extent
that the failure of the damaged sw tched node nai ns power supply or
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Fig. 1 shows a schematic representation of an embodiment of DC converter according to

the present invention;

Fig. 2 shows a schematic circuit diagram of a push-pull converter for use as a switched

mode mains power supply in Fig. 1;
Fig. 3 shows a circuit for a full-bridge push-pull converter, and
Fig. 4 shows a circuit for a half-bridge push-pull converter.

Fig. 1 shows a schematic circuit diagram of an embodiment of a DC converter 1 according
to the present invention. This DC converter comprises a number of DC converter compo-
nents 5 realized by switched mode mains power supplies 8. The switched mode mains
power supplies 8 are preceded by a filter means 7 in the direction of a DC source 2. The
DC source 2 is normally arranged far away from the DC converter 1. The respective coaxial
cable connection 6 between the DC source 2 and the DC converter 1 serves to transmit the

DC voltage and may have a length of e.g. several kilometres; it may also have a length of



then, a certain part of the power (a few percent) will still be consumed by
the load and by the Zener diode defining said | oad, whereas nost of the
power w IWOla/osapplied to the el ec- tric consunmer or cons®ECEMEPY2/10469 power
distribution is effected in situ in the area of the DC converter and a
feedback, e.g. to the DC source, does not take place. The special node of
switching of the DC converter conpopnents al so guarantees that power,
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t he pacixi t8l orzadictharcanteibey are €ormediedsioraitdlag eomsdcyion dl $he gablersonnéca-
tion 4 serves to supply at least one electric consumer 3 with DC voltage converted by the
converter components 5. Only by way of example, a few values are here indicated for the
DC voltage supplied by the DC source 2, the power transmitted via the cable connection
and the voltage provided on the output side of the DC converter 1. The DC source can, for
example, transmit 6000 V via the coaxial cable connection 6 to the DC converter 1. When
the DC converter components have the same type of structural design, a voltage of 6000
V/n will drop across each of these components due to the serial connection of the DC con-
verter components 5, n being the number of converter components 5. If n is e.g. 30, a volt-
age of 200 V will drop across each converter component. This voltage is converted into an
output voltage of e.g. 300 V by each of the respective converter components 5 and fed par-

allel into the cable connection 4 for supplying the electric consumer or consumers 3.

Such electric consumers are e.g. actuators, such as a positioning device, a motor or the
like, which serve to operate certain means, such as valves, restrictors, pumps, shut-off de-
vices and the like. These means are used e.g. for controlling the flow of a fluid into a line
and within the line. If there is e.g. a leak in the line and if a possibly aggressive fluid es-
capes into the surroundings, an associated fluid source can be shut off against the line by
means of a suitable shut-off device, whereby further discharge of the fluid into the sur-
roundings can be prevented. Accordingly, the valves and restrictors can control the flow of
the fluid as additional units. The respective actuators may also be arranged comparatively



tion connection can be realized over this cable connection. Additional
attenuation losses, as in the case of an AC voltage, do not occur. For
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In Fig. 1 the respective connections of the controller 17 to the units shown in said figure are

indicated by broken lines.

Reference should be made to the fact that the controller 17 also monitors the means for
coupling data signals infout 16 and thus the communication connection with the DC source
2.

Fig. 2 shows a simplified embodiment for a push-pull converter 9 used as a switched mode
mains power supply 8. This push-pull converter has its input terminals 26 and 28 connected
in series with the other push-pull converters 9 or switched mode mains power supplies 8
according to Fig. 1. On the input side, the push-pull converter 9 comprises a Zener diode 32
and an input capacitor 25. These two components are connected parallel to each other and
to a primary winding of a transmitter 24.



roundi ngs can be prevented. Accordingly, the valves and restrictors can
control the flow of the fluid as additional units. The respective
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ground 31.

On the output side of the push-pull converter 9, a smoothing capacitor 22 is connected par-
allel to the secondary winding of the transmitter 24.

In Fig. 3 and 4 a respective push-pull converter 9 according to Fig. 2 is shown in detail, in
one case as a full-bridge push-pull converter 10 and in another case as a half-bridge push-
pull converter 19, both push-pull converters 10 and 19 being shown with the respective cir-
cuit. Such circuits for full-bridge and half-bridge push-pull converters 10, 19 are known per
se. The circuits shown differ from known circuits with regard to the respective connection
modes of the push-pull converters on the input side and on the output side, i.e. with regard
to the fact that respective terminals are serially connected on the input side and connected
in parallel on the output side.

Furthermore, the Zener diode 32 on the input side of each push-pull converter 9 or 10, 19 is
connected parallel to the primary winding of the transmitter 24.

This Zener diode 32 serves as an input-side load of the various push-pulf converters for
powering up the system with regard to voltage and energy already prior to connecting or



in series wwth the other push-pull converters 9 or swtched node mains
power supplies 8 according to Fig. 1. On the input side, the push-pull
convert erwd osopqns ses a Zener diode 32 and an input capa®Cr@Po2m46Mhese
two conponents are connected parallell2to each other and to a prinmary

wi nding of a transmtter 24. WO 03/026115 PCT/ EP02/ 10469 11 The Zener
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heat by the Zener diode. If the electric consumer in question or another electric consumer is
then not connected or additionally connected once more, the system as a whole can be run
down to a lower voltage, such as 3000 V or even less than that. The reduced voltage is
then still required for the function of the controller and of other units of the DC converter 1

which are always in operation.

In the full-bridge push-pull converter 10 according to Fig. 3, a total of four switching tran-
sistors 12, 13, 14, 15 are integrated in the switching means 11. The switching transistors
12, 13, 14, 15 co-operate in pairs for effecting a push-pull activation of the transmitter 24,

the push-pull clock cycle ratio being 1:1.

On the output side, respective diodes 20 are provided, and on the input side a plurality of

input capacitors 25 is provided.

For activating the various switching transistors 12, 13, 14, 15, a pulse modulation means 18
is shown in Fig. 4. This pulse modulation means outputs a series of pulses whose widths
and/or heights and/or frequencies are variable so as to clock the switching transistors 12,

13, 14 and 15 and the switching means 11, respectively.



nodes of the push-pull converters on the input side and on the output side,
i.e. with regard to the fact that respective termnals are serially
connect edwon3obdi1s nput si de and connected in parallel onPCh&EPOuUI@EY sSide.
Furthernore, the Zener diode 32 on th® input side of each push-pul
converter 9 or 10, 19 is connected parallel to the primary wi nding of the
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vol tage and energy already prior to connecting or WO 03/026115

PCT/ EPO2/ 10469 12 additionally connecting a respective electric consuner

3. As long as the electric consuner has not yet been connected or
additionally connected, the respective energy in the system is consuned
and converted into heat by the Zener diode 32. Wen the electric consuner
is then additionally connected, energy distribution takes place in each of
the push-pull con- verters, and it is only a small percentage of the energy
that is still converted into heat by the Zener diode 32. Due to the large
nunber of Zener diodes and the fact that they are arranged in spaced rel a-
tionship with one another, the electric energy converted into heat in said
Zener diodes will not result in overheating of the DC converter 1, but,
depending on the | ocation where the converter is arranged, it can be

di scharged directly into air or water as waste heat. Conpli- cated and
expensi ve cooling systens can be di spensed with. Wen the electric consuner
no | onger needs electric energy, it will be switched off, i.e. dis-
connected fromthe system Subsequently, the whole energy is, in situ,
again converted into heat by the Zener diode. If the electric consuner in
guestion or another electric consuner is then not connected or
additionally connected once nore, the systemas a whole can be run down to
a |l ower voltage, such as 3000 V or even less than that. The reduced voltage
is then still required for the function of the controller and of other
units of the DC converter | which are always in operation.



In the full-bridge push-pull converter 10 according to Fig. 3, a total of
four switching tran- sistors 12, 13, 14, 15 are integrated in the switching
nmeans 11.wWOh/0zait chi ng transistors 12, 13, 14, 15 co- op@CaAtEPO2/t4p@i rs for
effecting a push-pull activation of tHe transmtter 24, the push-pull
clock cycle ratio being 1:1. On the output side, respective diodes 20 are
provi ded, and on the input side ¢éﬁé¥§€§ity of input capacitors 25 is
provi ded. For activating the var tching transistors 12, 13, 14, 15,
a pul se nodul ation neans 18 is shown in Fig. 4. This pulse nmodul ati on
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in parallel to the cable connection (4) so as to provide the converted DC
voltage for the electric consuner (3). 2. A DC converter according to claim
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on the input side thereof a load (32) which is connected in parallel

3. A DC converter according to claim 1 or 2, characterized in that the switched mode
power supply (8) has on the input side thereof a load (32) which is connected in parallel
to a transmitter (24) of said switched mode power supply (8).

4. A DC converter according to one of the preceding claims, characterized in that the
load (32) is a Zener diode.

5. A DC converter according to one of the preceding claims, characterized in that the
Zener diode (32) is realized by semiconductor elements, such as a power transistor and
a load resistor.

6. A DC converter according to one of the preceding claims, characterized in that the
switched mode power supply is clocked on the primary side.

7. A DC converter according to one of the preceding claims, characterized in that the
switched mode power supply is implemented as a push-pull converter.

8. A DC converter according to one of the preceding claims, characterized in that the
switched mode power supply (8) includes as a switching means (11) at least one
switching transistor, especially a power MOSFET or power BIMOSFET.



to a transmtter (24) of said sw tched node power supply (8). 4. A DC
converter according to one of the preceding clains, characterized in that
the | oadw(Q33)241$5 a Zener di ode. 5. A DC converter accordiPag/EPo2/03e9 of t he
preceding clains, characterized in th&t the Zener diode (32) is realized
by sem conductor el enents, such as a power transistor and a |oad resistor.
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switching transistors (12, t he push-p converter (9) are
clocked in a push-pull node with a clock cycle ratio of 1:1. 10. A DC
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13. A DC converter according to one of the preceding claims, characterized in that the DC
converter (1) is connected to the DC source (2) via a coaxial cable connection (6).

14. A DC converter according to one of the preceding claims, characterized in that the DC
converter (1) is provided with a filter means (7) preceding said DC converter (1) on the
input side thereof.

15. A DC converter according to one of the preceding claims, characterized in that a
means for coupling data signals in/out (16) is connected upstream of said filter means
(7) in the direction of the DC source (2).

16. A DC converter according to one of the preceding claims, characterized in that a con-
troller (17) is associated with at least the DC converter (1) and the components (5, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 18) thereof.

17. A DC converter according o one of the preceding claims, characterized in that, espe-
cially in the case of failure of another switched mode mains power supply (8) of the DC
converter (1), the voltage of each Zener diode (32) is adapted to be varied so as to re-



13. A DC converter according to one of the preceding clains, characterized
in that the DC converter (1) is connected to the DC source (2) via a
coaxi al cablog/oz@amhecti on (6). 14. A DC converter accordi n@Cr@Eroner4ed t he
preceding clains, characterized in th&t the DC converter (1) is provided
with a filter neans (7) preceding said DC converter (1) on the input side

char act ST Setobf ARG o R e o oS Rl e T out (16) i s

connected upstream of said filter neans (7) in the direction of the DC
sour 16. A DC converter cording to_one of nr L cl ai s,
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DC convgsdiedyclelibtid B tHe EwitPimpirgitistiors$12-15) 8an b8 vatitid b?;leadjﬁstin@g&he 14, 15,
16, 18) thereof. 17. A DC converter according to one of the preceding

cl ai ms, Oupidrvaliege pPhide switchadmodesprwer sUBPY Bk n t he case of failure of

anot her sw tched node nai ns power supply (8) of the DC converter (1), the
vol tage of each Zener diode (32) is adapted to be varied so as to re WO
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(12- 15)(8y mrproeidedmitad fuylse pedjuladiph myeanise 18)owhiphoutmits ageries of pidsasni t ched

Cl ai mo. St VARl ins Ay n PR iBhuBEIRLEe PR PR B ol el ching
transi Skgssstdrgé2- 15), the switched node power supply (8) is provided with a
pul se nodul ati on nmeans (18) which outputs a series of pulses having

vari abl e wi dths and/or heights and/or frequencies so as to clock the
switching transistors.



