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Circuit arrangement for power distribution in a motor vehicle

This application claims benefit of priority to prior U.S.

provisional application no. 61/221,028 filed on June 26,

2009, and as a non-provisional thereof; this application also

claims benefit of priority to prior Swiss national

application no. 0982/09 filed on September 1 , 2009; the

entirety of Swiss application no. 0982/09 and of U.S.

application no. 61/221,028 are expressly incorporated herein

by reference in their entirety, for all intents and purposes,

as if identically set forth herein.

The invention relates to a circuit arrangement for power

distribution in a motor vehicle, in particular in an electric

motor vehicle, comprising:

a transformer having at least three magnetically coupled

transformer windings,

a first connection for a first on-board supply which is

inside the vehicle and is coupled via a first converter to a

first transformer winding,

a second connection for a second on-board supply which

is inside the vehicle and is coupled via a second converter

to a second transformer winding,

a third connection for a power supply which is inside

the vehicle and is coupled via a third converter to a third

transformer winding, and

a first change-over switch via which the third converter

can be connected alternatively a ) to the first connection or

b ) to the third connection.

Finally, the invention relates to a motor vehicle having the

above circuit arrangement and two on-board supplies.



Battery- or accumulator-operated electric vehicles are

indispensable nowadays. Although their existence was limited

for a long time to niche applications, for example as fork-

lift trucks and mining cars, the introduction of electric

vehicles into road traffic in large numbers is now imminent.

However, the requirements with regard to electric vehicles

have also changed decisively thereby. The desire for engine

powers of 100 kW or more is a particular challenge for the

designers of these vehicles. In order to keep the currents

for these powers within tolerable limits, relatively high

voltages are provided for the drive units. For example, 400

VDC are provided as a voltage in the on-board drive supply.

At a peak power of 100 kW, a current as high as 250 A

therefore still flows.

However, not all devices in a motor vehicle are designed for

such a high voltage. For example, lighting, various

actuators for electric windows, seat adjustment, etc, and

entertainment systems are as a rule - for historic reasons

too - designed for a DC voltage of 12 VDC. For this reason,

in general two on-board supplies having different voltage

levels are operated in an electric vehicle. For charging a

drive battery and - if present - a battery for the on-board

low-voltage supply, electric vehicles moreover have a

connection to a power supply outside the vehicle. This may

be a conventional alternating current supply with the voltage

of 230 VAC typical in Europe or a DC voltage supply - for

example fed by solar collectors. The power supply outside

the vehicle is not necessarily stationary; a connection to

another electric motor vehicle is also conceivable. From the

above statements, it is clear that precautions must be taken

for the energy transfer between the individual supplies. The



prior art discloses some circuit arrangements for this

purpose .

For example, US2008/0316774A1 discloses a circuit arrangement

for power distribution, in particular in an electric vehicle,

in which a main or driving battery, an auxiliary battery for

the on-board supply and a connection to the alternating

current supply are connected via a transformer having a

primary coil and two secondary coils. During the charging

process, power is distributed via the two secondary coils to

the driving battery and the auxiliary battery. In addition,

the auxiliary battery can be charged from the driving

battery, and the driving battery from the auxiliary battery.

Furthermore, US5633577A shows a circuit arrangement for an

electric car, in which a driving battery, an on-board supply

battery and a connection to the alternating current supply

are coupled via a transformer having three windings. The

driving battery and the on-board supply battery can be

charged from the alternating current supply, and the on-board

supply battery from the driving battery.

In addition, DE3305224A1 discloses a circuit arrangement for

an electric vehicle, in which a connection to an AC voltage

supply is connected to a driving battery via an

autotransf ormer . In addition, an additional winding for

charging an auxiliary battery from the driving battery can be

provided on the core of the autotransf ormer .

Finally, DE19646666A1 discloses a charging apparatus for a

battery-operated vehicle having at least one driving battery

for operating an electric motor and at least one on-board

battery for supplying an on-board supply. This charging



apparatus consists of a controlled chopper circuit which can

be connected with the aid of a change-over device

alternatively to the driving battery or, via a rectifier

circuit, to a power supply. On the output side, the chopper

circuit is applied to the primary winding of a transformer,

via the secondary winding of which the on-board battery can

be charged.

It is an object of the invention to provide an improved

circuit arrangement for the power distribution in a motor

vehicle, or an improved motor vehicle. In particular, it is

intended to reduce the cost of the circuit and/or electrical

losses due to the circuit.

According to the invention, this object is achieved by a

circuit arrangement having the features of Patent Claim 1 and

a motor vehicle having the features of Patent Claim 10.

According to the invention, the circuit arrangement of the

type mentioned at the outset additionally comprises the

feature that

c ) a plurality of first windings connected to a

plurality of first converters, wherein the first

converters may be switched in series or in parallel, are

provided and/or

d ) a plurality of second windings connected to a

plurality of second converters, wherein the second

converters may be switched in series or in parallel, are

provided and/or

- e ) a plurality of third windings connected to a

plurality of third converters, wherein the third

converters may be switched in series or in parallel, are

provided.



According to the invention, a motor vehicle according to the

invention comprises the above circuit arrangement according

to the invention, in which the first connection is connected

to a first on-board supply inside the vehicle and the second

connection is connected to a second on-board supply inside

the vehicle.

By means of the invention, on the one hand, the converter for

the on-board supply can be designed as a simple, i.e.

unidirectional, converter or rectifier, without having to

dispense with the possibility of transferring energy from the

first on-board supply to the second on-board supply. The

circuit arrangement is therefore simpler in terms of circuit

technology or in terms of control. Moreover, the energy

losses during the energy transfer can be reduced because a

separate voltage converter with respect to the second on

board supply is not absolutely essential. The voltage

adaptation can - if at all necessary - be performed by a

voltage converter in any case generally present with respect

to the power supply outside the vehicle.

On the other hand, different voltage levels may be adapted to

each other by switching the converters in series or in

parallel as desired. Hence, according to the invention,

voltage adaptation between the different connections of the

circuit arrangement or between the different power supplies

can moreover be carried out in a simple manner.

Although the invention was and will be explained on the basis

of an electric motor vehicle, the invention does of course

also relate to motor vehicles which are not electrically

driven. In the context of the invention "motor vehicle" is



moreover to be understood as meaning any motor-driven

vehicle, i.e. land vehicles, including railway vehicles,

water vehicles and aircraft.

At this point, it should be pointed out that a "converter" in

the context of the disclosure can be understood as meaning a

rectifier, an inverter or a bidirectional converter. The

rectification can be effected, for example, with diodes, with

transistors (e.g. MOSFET or IGBT or the like), thyristors or

other rectifying elements (at least one each or combinations

of stated elements) . The inversion can be effected, for

example, with transistors (e.g. MOSFET or IGBT or the like),

thyristors or other switching elements (at least one each or

combinations of stated elements) . Accordingly, passive

rectifiers, active rectifiers and/or active inverters are

used.

In the context of the invention, "batteries" are to be

understood as meaning chargeable batteries, accumulators or

other current-storing media.

Finally, the term "change-over switch" designates an

apparatus for alternative production of an electrical

connection in one circuit branch or in a plurality of circuit

branches. In particular, a change-over switch may also be

composed of a plurality of synchronously actuated switching

elements. These switching elements do not necessarily have a

change-over function but may be limited to a switching on and

switching off function. Elements whose resistance can be

considerably changed are also to be understood in this sense.

In the context of the invention, switching elements are

therefore in particular transistors, thyristors, mechanical

switches and relays or the like.



Finally, it is pointed out that the terms "couple" and

"connect" or similar terms do not necessarily imply that two

coupled or connected units, components or circuit parts are

directly coupled or connected. Other, further circuits,

units, components or circuit parts may also be arranged

between the coupled or connected units, components or circuit

parts without departing from the concept of the invention.

Advantageous configurations and further developments of the

invention are evident from the subclaims and from the

description and considered together with the figures of the

drawing or are disclosed by them.

It is advantageous if

in case c ) , one first converter each is connected to one

first winding each and/or

in case d ), one second converter each is connected to

one second winding each and/or

- in case e ), one third converter each is connected to one

third winding each.

In this way, the individual windings or converters can be

actuated separately. By out-of-phase actuation, for example,

current ripples can be substantially reduced.

It is also advantageous if the circuit arrangement comprises

a voltage transformer which is arranged between the

third converter and a ) the first connection or b ) the third

connection, and

- a control which is connected to the voltage transformer

and activates the voltage transformer in such a way that the

voltage adaptation is effected in case a ) between first and



second connection and in case b ) between third and second

connection .

In this way, said voltage transformer can have a dual use and

be used both for driving, i.e. for supplying the second on

board supply from the first on-board supply, and for

charging, i.e. for supplying the vehicle from a power supply

outside the vehicle.

A further advantageous variant of the circuit arrangement

according to the invention comprises:

a voltage transformer which is arranged between second

converter and the second connection of the second on-board

supply, and

- a second change-over switch via which the voltage

transformer can be bypassed in case a ) .

In case a), i.e. when the second on-board supply is supplied

from the first on-board supply, the voltage adaptation

between first and second on-board supply can be effected in

principle by a voltage transformer arranged before the third

converter. The voltage transformer for the second on-board

supply is then not absolutely essential and can be bypassed

with a switch.

It is furthermore advantageous if a voltage transformer which

is arranged between second converter and the second

connection for the second on-board supply is in the form of a

step-down and/or step-up transformer and comprises a

nonlinear choke which has a high inductance in case a ) and a

low inductance in case b ) . Use is made of the fact that as a

rule a power 10-20 times lower must be made available for the

second on-board supply in the charging mode, i.e. during

supply from a power supply outside the vehicle, than in the



driving mode, i.e. during supply from the first on-board

supply. Although the throttle winding is dimensioned for the

high current in the driving mode, the magnetic circuit of the

choke is preferably optimized so that the choke has the high

inductance required for the voltage transformer function only

at low current. At high current, however, the

correspondingly designed magnetic circuit reaches saturation,

so that the choke inductance drops thereby to very low

values. Consequently, the choke can be made compact and

produced economically.

In an advantageous configuration of the invention, the

transformer windings are wound around a common core. In this

way, good magnetic coupling between the windings can be

achieved at low cost.

It is advantageous if the second transformer winding is in

the form of a foil winding. If the power in the second on

board supply is relatively low compared with the first on-

board supply, a space-saving and material-saving foil winding

can be used for this transformer winding.

It is advantageous if the first connection and the second

connection are provided for different voltage levels. In

this variant, the transformer-coupling of the on-board

supplies can be particularly advantageously employed.

Finally, it is advantageous if the circuit arrangement

comprises a control for actuating the first change-over

switch and/or the second change-over switch and/or the third

converter. In this way, it is possible to switch easily

between different operating states even if a plurality of

elements is involved in the switching. Optionally, certain



operating states (e.g. charging from an alternating current

supply) can be automatically detected by appropriate sensors

and the required measures can be taken. The control itself

can be designed as software and/or hardware, for example as a

central processing unit with a memory connected thereto, in

which the steps and parameters required for carrying out the

invention are stored.

The above configurations and further developments of the

invention can be combined in any desired manner.

The present invention is explained in more detail below with

reference to the working examples shown in the schematic

figures of the drawing.

Fig. 1 schematically shows a first variant of the

circuit arrangement according to the invention;

Fig. 2 schematically shows a second variant of a circuit

arrangement according to the invention;

Fig. 3 schematically depicts the energy flow from a

first on-board supply to a second on-board supply

in a circuit arrangement according to the

invention;

Fig. 4 schematically depicts the energy flow from a

second on-board supply to a power supply in a

circuit arrangement according to the invention;

Fig. 5 schematically depicts the energy flow from a

first on-board supply to a power supply in a

circuit arrangement according to the invention;



Fig. 6 schematically depicts another energy flow from a

second on-board supply to a power supply in a

circuit arrangement according to the invention;

Fig. 7 shows a specific version of a first change-over

switch;

Fig. 8 shows a cut-out from a further embodiment of a

circuit arrangement according to the invention

having a second voltage transformer with a second

change-over switch;

Fig. 9 shows a cut-out similar to that one of Fig. 8 but

having a second voltage transformer without a

second change-over switch;

Fig. 10 shows a cut-out similar to that one of Fig. 9 but

having a second voltage transformer with a switch

in its diode circuit;

Fig. 11 shows a cut-out similar to that one of Fig. 8 but

with n converters and transformers;

Fig. 12 shows a cut-out similar to that one of Fig. 8 but

with third converters being connected in a fixed

manner in series and the second converters being

connected in a switched manner and

Fig. 13 shows a cut-out similar to that one of Fig. 12

but with the third converters being connected in

a fixed manner in parallel.



In the figures of the drawing, identical and similar parts

are provided with identical reference numerals and

functionally similar elements and features - unless stated

otherwise - are provided with identical reference numerals

but different indices.

Fig. 1 shows a first embodiment of a circuit arrangement 1

according to the invention. This comprises a transformer T i

having three magnetically coupled windings W1, W 2 and W 3. In

the preferred embodiment shown, these are wound around a

common core. However, this is by no means essential, and the

magnetic coupling can also be effected in another manner. In

each case a first converter URi, a second converter UR2 and a

third converter UR3 are connected to the three windings W1, W2

and W 3. The first converter URi is connected via a first

filter F i to a first connection A i for a first power supply

or on-board supply inside the vehicle. The second converter

UR is connected via a voltage transformer SW2 and a second

filter F2 to a second connection A2 for a second power supply

or on-board supply inside the vehicle. Finally, the third

converter UR3 is connected via a voltage transformer SW3 and

a third filter F3 to a third connection A3 for a power supply

outside the vehicle. In addition, the circuit arrangement 1

comprises a first change-over switch US1, by means of which

the third converter UR3 can be connected (here indirectly via

the third filter F3 and the voltage transformer SW3) to the

first connection A i or the third connection A3.

For the following considerations, it is assumed - for easier

representation - that the first on-board supply is a driving

of a traction supply, for example with a voltage of 400 VDC.

This supply therefore substantially comprises a battery or an

accumulator, a driving motor and a regulator for the motor.



Let the second on-board supply be a low-voltage auxiliary

supply, for example with a voltage of 12 VDC. This supply

comprises, for example, the supply of various controls

(including on-board computer) , the lighting, entertainment

systems and auxiliaries motors, for example for electric

windows and sliding roof. Let the power supply outside the

vehicle be a conventional power supply, for example with a

voltage of 230 VAC. Other configurations are of course also

conceivable; for example, the power supply outside the

vehicle may also be a direct current supply which is supplied

from solar collectors or a second vehicle (for example in the

course of breakdown assistance or in the case of vehicles

coupled as trailers) . Conversely - although not usual - the

on-board supplies may also be alternating current supplies.

Fig. 2 shows a second, easily modifiable embodiment of a

circuit arrangement 1 ' according to the invention. This has

substantially the same design as the circuit arrangement 1

from fig. 1 but here two transformers T i and T 2 having in

each case two windings W1/W3 and W2/W4 are provided instead of

a single transformer T i having three windings W1, W2, W3.

It is pointed out here that the modified embodiment according

to fig. 2 may also form the basis for an invention

independent of the features of patent Claim 1 , namely a

circuit arrangement 1 ' for power distribution in a motor

vehicle, comprising

a first transformer T i having at least one first and one

third magnetically coupled transformer winding W1, W3,

- a second transformer T2 having at least one second and

one fourth magnetically coupled transformer winding W2, W4,



a first connection A i for a first on-board supply which

is inside the vehicle and is coupled via a first

converter URi to the first transformer winding W1,

a second connection A2 for a second on-board supply

which is inside the vehicle and is coupled via a second

converter UR2 to the second transformer winding W2,

a third connection A 3 to a power supply which is outside

the vehicle and is coupled via a third converter UR3 to the

third and fourth transformer winding W3, W4, and

- a first change-over switch US1, US1 ' , via which the

third converter UR3 can be connected alternatively a ) to the

first connection A i or b ) to the third connection A3.

In this case, a plurality of fourth windings which can be

connected in series or in parallel may also be provided. In

addition one third converter each can be connected to one

fourth winding each.

The function of the circuit arrangement 1 according to the

invention will now be explained with reference to fig. 3 .

The first change-over switch US1 is present in a position in

which the third converter UR3 is connected to the first

connection A i and hence to the first on-board supply, here a

400 VDC driving supply. The arrow shown as a dash-dot line

now shows the energy flow E i from the first on-board supply

into the second on-board supply or from the first connection

A i to the second connection A2 respectively vice versa.

The electrical power is fed via the third filter F3, which is

provided for reducing circuit feedbacks, to the voltage

transformer SW3, which brings the first on-board supply

voltage to a suitable level for the following transformation

to the second on-board supply voltage. In the example shown,



the voltage of 400 VDC is reduced to about 230 VDC, for

example with a step-down converter known per se. In the

converter UR3, this intermediate circuit voltage is now

inverted and the electrical power is transmitted by inductive

coupling from the third transformer winding W3 to the second

transformer winding W2. There, the second converter UR2 (in

the simplest case a rectifier) ensures that the AC voltage is

converted back into a DC voltage. In the next step, the

electrical power is transmitted via a further voltage

transformer SW2 and a further filter F2 to the second

connection A2 and hence to the second on-board supply. If

the voltage has already been brought to a suitable level by

the voltage transformer SW3, the voltage transformer SW2 can

also be omitted or - optionally temporarily - bypassed (for

this context, also see fig. 8 ) .

If the first change-over switch US1 is now brought to the

second position, power can be transmitted from the power

supply outside the vehicle to the second on-board supply.

This energy flow E2 is indicated by an arrow shown in fig. 4 .

The AC voltage (here 230 VAC) is rectified to give a suitable

intermediate circuit voltage and then inverted with high

frequency. The electrical power is then again transmitted

from the third winding W3 to the second winding W2 and, after

subsequent rectification in the second converter UR2, a

voltage adaptation in the voltage transformer SW2 and

filtering in the second filter F2, to the second connection

A2 and hence to the second on-board supply. In this way, for

example, a low-voltage battery can be charged, for example,

with or to 12 VDC or the vehicle can be supplied when

stationary by a stationary or mobile (internal combustion

engine emergency power unit) alternating current supply, for

example if the vehicle is a recreational vehicle or the like.



As is shown in fig. 4 , energy may also flow in the opposite

direction, i.e. from the second on-board supply to the power

supply.

In a further configuration, a driving battery of the first

on-board supply can of course also be charged from the

alternating current supply. The power transmission

(indicated by E3) then takes place between third winding W3

and first winding W1 (see fig. 5 ) . As is shown, the third

converter UR3 is connected via the first change-over switch

US1 to the third connection A3. Then - provided that the

first converter URi is a bidirectional converter - electrical

power can be transmitted from the first winding W1 to the

third winding W3 or vice versa.

In the arrangement shown, no voltage transformer is arranged

between the first converter URi and the first connection Ai.

Although the various voltage levels in the on-board supplies

or in the power supply outside the vehicle can be roughly

adjusted by the ratio of the windings W1, W2 and W3,

deviations of the respective voltage from a required value

due to different load situations are almost unavoidable. The

voltage for the first on-board supply can therefore be

suitably adjusted or regulated with the voltage transformer

SW3. However, this regulation is also accompanies by a

change in the voltage at the second transformer winding W2,

so that the voltage is advantageously adapted to the second

on-board supply voltage by the voltage transformer SW2.

In a further example shown in fig. 6 , power is transferred

from the second on-board supply into the first on-board

supply or into the power supply outside the vehicle

respectively vice versa. One can see that for the transfer



between the first on-board supply and the second on-board

supply, two different routes are available, namely either the

energy flow E i shown in fig. 3 or the energy flow E4 shown in

fig. 6 .

The function of the circuit arrangement 1 ' shown in fig. 2 is

completely similar to the circuit arrangement 1 shown in fig.

1 . The statement made with a respect to fig. 3 is therefore

to be applied in context, but the energy transfer to the

second on-board supply takes place here via the separate,

second transformer T2.

Figures 1 and 2 show a frequently used constellation of

supplies inside and outside the vehicle. Depending on the

type of the first and second on-board supply and of the power

supply outside the vehicle, optionally different units shown

in figures 1 and 2 can be omitted in other constellations or

it is advantageous to add some. This is within the ability

of the person skilled in the art since the transformer-based

power transmission with the aid of up-circuit and down-

circuit is known per se.

Fig. 7 shows a further embodiment of a change-over switch

US1 Instead of a three-pole switching relay as used in

fig. 1 and 2 , a plurality of starting/cut-out relays which

are appropriately actuated are provided here. In this way,

the high-voltage connections to the transformer T i can

advantageously be disconnected. The six relays arranged

within the region indicated by a dashed line form the change-

over switch US1 here. In fig. 7 , two further relays which

serve for optional connection of the circuit arrangement 1 or

r to a two-pole AC voltage supply are additionally provided.



Furthermore, fig. 8 shows a cut-out from a further embodiment

of a circuit arrangement according to the invention, which

shows a plurality of variants which in principle are

independent of one another.

For example, instead of a single transformer Ti, two

transformers T1a and T1b with the respective magnetically

coupled windings W1a, W2a, W3a and W1b , W2b, W3b, respectively,

are provided. A bidirectional converter UR3a is connected to

the winding W3a, and a bidirectional converter UR3b is

connected to the winding W3b . The two converters UR3a and UR3b

can alternatively be connected in series or in parallel. In

this way, a voltage adaptation can likewise be effected, in

addition or alternatively to the voltage adaptation with the

aid of a voltage transformer. For example, the converters

UR3a and UR3b and the windings W3a and W3b, respectively, can

be connected in parallel if a connection to a stationary

power supply with a voltage of 230 VAC exists and can be

connected in series if a connection to the first on-board

supply with a voltage of 400 VDC exists.

The converters UR and UR2b on the side of the second on

board supply are connected rigidly in parallel in this

example. However, a switching facility is of course also

conceivable here. The same applies to the converter (not

shown) at the first windings W1a and W1b . However, it is also

conceivable for only a single converter URi or UR2 to be

provided for two transformer windings W1a, W1b or W2a, W2b,

respectively, which are connected in series or in parallel.

Finally, the principle described can of course also be

extended to include more than two windings connected in

series or in parallel. For example, it is also possible to



provide three windings connected in series or in parallel if

this appears advantageous for the voltage adaptation.

In the examples shown, in each case a second converter U2a

and U 2b which are connected in a fixed manner in parallel in

the example shown is connected to the second windings W2a and

W 2b A switching facility between series and parallel

connection or a fixed series connection will of course be

conceivable here too.

Moreover, fig. 8 also shows a specific embodiment of the

voltage transformer SW2, here in the form of a step-down

converter. As explained for fig. 4 , in the case of a supply

from the power supply outside the vehicle, the voltage for

the first on-board supply can be adjusted or regulated with

the voltage transformer SW3. The second on-board supply

voltage is then adjusted accordingly with the second voltage

transformer SW2. However, if the energy transfer takes place

from the first on-board supply to the second on-board supply

as shown in fig. 3 , the voltage for the second on-board

supply can in principle be adjusted with the voltage

transformer SW3. In a first variant, the voltage transformer

SW2 is therefore bypassed with a change-over switch

US2 (circuit branch shown as a dashed line) so that

practically no electrical losses occur here. The change-over

switch US2 can be designed as a simple starting/cut-out

relay.

In a second variant, the second change-over switch US2 is

dispensed with (see fig. 9 ) . The choke L is then

advantageously designed as a nonlinear choke. As a rule, for

the second on-board supply in the driving mode, i.e. in the

case of supply by the first on-board supply, it is in fact



necessary to provide a power which is 10 to 20 times greater

than in the charging mode, i.e. in the case of supply by the

power supply outside the vehicle. Although the choke winding

is dimensioned for the high current in the driving mode, the

magnetic circuit of the choke L is designed so that it has

the high inductance required for the step-down converter

function only at low current (i.e. in the charging mode) . At

high current, however, the magnetic circuit reaches

saturation, so that the inductance of the choke L drops to

very low values. The choke L could therefore be produced so

as to be more compact and more economical.

In a further variant of the second voltage transformer SW2, a

switch US3 is arranged in the only weakly loaded diode

circuit, for realizing polarity reversal protection (see fig.

10) . As described, this may be in the form of an MOSFET or

may be designed with any desired switching element

(transistor, IGBT, thyristor, relay) . The "high-current

polarity reversal protection" can be ensured by switching off

the MOSFET in the positive wire (or switching off the second

change-over switch SW2).

Fig. 11 shows yet another embodiment of the invention. Here

one can see that the inventive circuit arrangement is not

limited to two second converters UR UR2b respectively two

third converters UR3a, UR3b . By contrast, the inventive

circuit may also comprise n second converters UR2a ..UR2n and n

third converters UR3a ..UR3n as well as n transformers T ia ..Tin .

Fig. 12 shows a further variant of the invention, in which

the third converters UR3a, UR3b are connected in a fixed

manner in series, whereas the second converters UR2a, UR2b may

be switched in series or in parallel.



Fig. 13 finally shows a variant of the invention, in which

the third converters UR3a, UR3b are connected in a fixed

manner in parallel, whereas the second converters UR2a UR2b

again maybe switched in series or in parallel. One skilled

in the art of course will perceive that the different

embodiments shown in the Figs. 1 to 13 may be combined in any

desired way.

Finally, it is noted that the variants shown represent only a

selection of the many possibilities for a circuit arrangement

1 , 1 ' according to the invention and must not be used for

limiting the scope of use of the invention. For the person

skilled in the art, it should be easy, on the basis of the

considerations described here, to adapt the invention to its

needs without departing from the scope of protection of the

invention. In addition, it is pointed out that parts of the

circuit arrangement shown in the figures can also form the

basis for independent inventions.



List of reference numerals

1 , 1 ' Circuit arrangement

A i Connection to the first on-board supply

A2 Connection to the second on-board supply

A3 Connection to a power supply outside the

vehicle

Ei.. E4 Energy flow

Fi, F2, F3 Filter

L Choke

SW2, SW3 Voltage transformer

Ti, T2, T ia ..Tin Transformers

URi First converter

UR2, UR2a ..UR2n Second converter

UR3, UR3a ..UR3n Third converter

US1,US1 First change-over switch

US2 Second change-over switch

US3 switch

W1, W1a ..W1n First transformer windings

W2, W2a ..W2n Second transformer windings

W3, W3a ..W3n Third transformer windings

W4 Fourth transformer winding



Patent claims

1 . Circuit arrangement (1) for power distribution in a motor

vehicle, comprising:

- a transformer (Ti, T ia ..Tin) having at least three

magnetically coupled transformer windings (W 1, W 1a ..W1n, W2,

W 2a ..W 2n, W3, W 3a ..W 3n),

a first connection (Ai) for a first on-board supply

which is inside the vehicle and is coupled via a first

converter (URi) to a first transformer winding (W 1, W 1a ..W1n ) ,

a second connection (A 2) for a second on-board supply

which is inside the vehicle and is coupled via a second

converter (UR2, UR2a . .UR2n) to a second transformer

winding (W 2, W 2a ..W2n ) , and

- a third connection (A 3) for a power supply which is

outside the vehicle and is coupled via a third

converter (UR3, UR3a . .UR3n) to a third transformer winding (W 3,

W 3a ..W 3n), and

a first change-over switch (US 1, US1 ) , via which the

third converter (UR3, UR3a . .UR3n) can be connected

alternatively a ) to the first connection (Ai) or b ) to the

third connection (A 3),

characterized in that

c ) a plurality of first windings (W 1, W 1a ..W1n) connected

to a plurality of first converters (URi) , wherein the first

converters (URi) may be switched in series or in parallel,

are provided and/or

d ) a plurality of second windings (W 2, W 2a ..W2n)

connected to a plurality of second converters (UR2,

UR2a . .UR2n ) , wherein the second converters (UR2, UR2a . .UR2n) may

be switched in series or in parallel, are provided and/or

e ) a plurality of third windings (W 3, W 3a ..W3n) connected

to a plurality of third converters (UR3, UR3a . .UR3n ) , wherein



the third converters (UR3, UR3a ..UR3n) may be switched in

series or in parallel, are provided.

2 . Circuit arrangement (1, 1') according to Claim 1 ,

characterized in that

in case c ) , one first converter (URi) each is connected

to one first winding (W 1, W 1a ..W1n) each and/or

in case d ) , one second converter (UR2, UR2a . .UR2n) each

is connected to one second winding (W 2, W 2a ..W2n) each and/or

- in case e ) , one third converter (UR3, UR3a ..UR3n) each is

connected to one third winding (W 3, W 3a ..W3n) each.

3 . Circuit arrangement (1, 1') according to either of Claims

1 and 2 , characterized by

- a voltage transformer (SW3) which is arranged between

the third converter (UR3, UR3a . .UR3n) and a ) the first

connection (Ai) or b ) the third connection (A 3), and

a control which is connected to the voltage transformer

(SW3) and actuates the voltage transformer (SW3) in such a

way that a voltage adaptation is effected between first and

second connection (Ai, A2) in case a ) and between third and

second connection (A 3, A2) in case b ) .

4 . Circuit arrangement (1, 1') according to any of Claims 1

to 3 , characterized by

a voltage transformer (SW2) which is arranged between

second converter (UR2, UR2a . .UR2n) and the second

connection (A 2) for the second on-board supply, and

a second change-over switch (US 2) via which the voltage

converter (SW2) can be bypassed in case a ) .

5 . Circuit arrangement (1, 1') according to any of Claims 1

to 3 , characterized by a voltage transformer (SW2) which is



in the form of a step-down and/or step-up converter and is

arranged between second converter (UR2, UR2a . .UR2n) and the

second connection (A 2) for the second on-board supply, and

which comprises a nonlinear choke (L) which has high

inductance in case a ) and low inductance in case b ) .

6 . Circuit arrangement (1, 1') according to any of Claims 1

to 5 , characterized in that the transformer windings (W 1,

W 1a ..W1n , W2, W2a ..W2n, W3, W3a ..W3n) are wound around a common

core.

7 . Circuit arrangement (1, 1') according to Claim 6 ,

characterized in that the second transformer winding (W 2,

W2a ..W2n) is in the form of a foil winding.

8 . Circuit arrangement according to any of Claims 1 to 7 ,

characterized in that the first connection (Ai) and the

second connection (A 2) are provided for different voltage

levels .

9 . Circuit arrangement according to any of Claims 1 to 8 ,

characterized by a control for actuating the first change

over switch (US 1, US1 ) and/or the second change-over switch

(US 2) and/or the third converter (UR3, UR3a . .UR3n ) .

10. Motor vehicle, characterized by a circuit arrangement (1,

1') according to any of the preceding claims, in which the

first connection (Ai) is connected to a first on-board supply

inside the vehicle and the second connection (A 2) is

connected to a second on-board supply inside the vehicle.

11. A circuit arrangement for power distribution in a motor

vehicle, comprising:



a transformer, said transformer having at least three

magnetically coupled transformer windings;

a first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first converter coupling said first connection to a

first of said at least three magnetically coupled windings;

a second onboard supply;

a second connection configured to connect to said second

onboard supply;

a second converter coupling said second connection to a

second of said at least three magnetically coupled windings;

a second-group voltage transformer connected between

said second connection and said second converter;

a third connection configured to connect externally;

a third converter configured to selectively couple said

third connection to a third of said at least three

magnetically coupled windings;

a third-group voltage transformer connected between said

third connection and said third converter; and,

a first change-over switch configured to controllably

connect said third converter either to said first connection

or alternatively to said third connection.

12. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 11, wherein:

said second-group voltage transformer is a step-down

transformer .

13. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 11, wherein:

said second-group voltage transformer is a step-up

transformer .



14. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

15. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a nonlinear choke in said second-group voltage

transformer.

16. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a common core around which said transformer windings are

wound.

17. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 16, wherein:

at least one of said transformer windings is in the form

of a foil winding:

18. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 11, wherein:

said first change-over switch is a three-pole switching

relay.

19. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a plurality of starting/cut-out relays in said first

change-over switch; and,

two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.



20. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a control configured to effect voltage adaptation

between said first connection and said second connection when

said first change-over switch connects said third converter

to said first connection, and to effect voltage adaptation

between said third connection and said second connection when

said first change-over switch alternatively connects said

third converter to said third connection; said control being

connected to control said third-group voltage converter.

21. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 11, wherein:

said first converter is a unidirectional rectifier.

22. A circuit arrangement for power distribution in a motor

vehicle, comprising:

a first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first transformer winding;

a first converter coupling said first connection to said

first winding;

a second onboard supply;

a second connection configured to connect to said second

onboard supply;

a second transformer winding;

a second converter coupling said second connection to

said second winding;

a second-group voltage transformer connected between

said second connection and said second converter;

a third connection configured to connect externally;



a third transformer winding;

a fourth transformer winding;

a third converter configured to selectively couple said

third connection to said third winding and to said fourth

winding;

said first and third windings forming a first

transformer, and said second and fourth windings forming a

second transformer;

a third-group voltage transformer connected between said

third connection and said third converter; and

a first change-over switch configured to controllably

connect said third converter either to said first connection

or alternatively to said third connection.

23. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 22, wherein:

said second-group voltage transformer is a step-down

transformer .

24. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 22, wherein:

said second-group voltage transformer is a step-up

transformer .

25. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

26. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a nonlinear choke in said second-group voltage

transformer .



27. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 22, wherein:

said first change-over switch is a three-pole switching

relay.

28. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a plurality of starting/cut-out relays in said first

change-over switch; and,

two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.

29. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a control configured to effect voltage adaptation

between said first connection and said second connection when

said first change-over switch connects said third converter

to said first connection, and to effect voltage adaptation

between said third connection and said second connection when

said first change-over switch alternatively connects said

third converter to said third connection; said control being

connected to control said third-group voltage converter.

30. A circuit arrangement for power distribution in a motor

vehicle, comprising:

a first transformer stage;

said first transformer stage having a first group of at

least three magnetically coupled windings;

a second transformer stage;

said second transformer stage having a second group of

at least three magnetically coupled windings;



a first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first converter unit coupling said first connection to

a first winding of said first group of at least three

magnetically coupled windings, said first converter unit also

coupling said first connection to a first winding of said

second group of at least three magnetically coupled windings;

a second onboard supply;

a second connection configured to connect to said second

onboard supply;

a second converter unit coupling said second connection

to a second winding of said first group of at least three

magnetically coupled windings, said second converter unit

also coupling said second connection to a second winding of

said second group of at least three magnetically coupled

windings ;

a second-group voltage transformer connected between

said second connection and said second converter unit;

a third connection configured to connect externally;

a third converter unit configured to selectively couple

said third connection to a third winding of said first group

of at least three magnetically coupled windings, said third

converter unit also configured to selectively couple said

third connection to a third winding of said second group of

at least three magnetically coupled windings;

a third-group voltage transformer connected between said

third connection and said third converter unit; and,

a first change-over switch configured to controllably

connect said third converter unit either to said first

connection or alternatively to said third connection.



31. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

said first converter unit having a first-group first

converter coupled to said first winding of said first group

of at least three magnetically coupled windings;

said first converter unit having a first-group second

converter coupled to said first winding of said second group

of at least three magnetically coupled windings; and,

said first-group first converter coupled in parallel to

said first-group second converter.

32. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

said second converter unit having a second-group first

converter coupled to said second winding of said first group

of at least three magnetically coupled windings;

said second converter unit having a second-group second

converter coupled to said second winding of said second group

of at least three magnetically coupled windings; and,

said second-group first converter coupled in parallel to

said second-group second converter.

33. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

said third converter unit having a third-group first

converter coupled to said third winding of said first group

of at least three magnetically coupled windings; and,

said third converter unit having a third-group second

converter coupled to said third winding of said second group

of at least three magnetically coupled windings.

34. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 33, further comprising:



a switch configured to controllably connect said third-

group first converter either in parallel or alternatively in

series with said third-group second converter.

35. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

36. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a nonlinear choke in said second-group voltage

transformer .

37. The circuit arrangement for power distribution in a

motor vehicle as claimed in claim 30, wherein:

said first change-over switch is a three-pole switching

relay.

38. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a plurality of starting/cut-out relays in said first

change-over switch; and,

two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.

39. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a control configured to effect voltage adaptation

between said first connection and said second connection when

said first change-over switch connects said third converter

unit to said first connection, and to effect voltage



adaptation between said third connection and said second

connection when said first change-over switch alternatively

connects said third converter unit to said third connection;

said control being connected to control said third-group

voltage converter.



AMENDEDCLAIMS
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1 . Circuit arrangement (1) for power distribution in a motor

vehicle, comprising:

a transformer (Ti, T ia ..Tin) having at least three

magnetically coupled transformer windings (Wi, Wia..Win/ W2,

W2 ..W n, W3 W3a ..W3n),

a first connection (Ai) for a first on-board supply which

is inside the vehicle and is coupled via a first

converter (URi) to a first transformer winding (Wi, W ia ..Win)

a second connection (A2) for a second on-board supply

which is inside the vehicle and is coupled via a second

converter (UR2, UR2a ..UR2 ) to a second transformer winding (W ,

W2a..W2n ) , and

a third connection (A ) for a power supply which is

outside the vehicle and is coupled via a third converter (UR /

UR3 ..UR3n) to a third transformer winding (W 3, W3 ..W n) , and

a first change-over switch (USi, USi*), via which the

third converter (UR3, UR S.. UR n) can be connected alternatively

a ) to the first connection (Ai) or b ) to the third

connection (A 3),

characterized in that

c ) a plurality of first windings (W 1, W i . .W in) connected

to a plurality of first converters (UR ), wherein the first

converters (URi) may be switched in series or in parallel, are

provided and/or

d ) a plurality of second windings (Wg r W2 ..W2n) connected

to a plurality of second converters (UR2, UR2a ..UR2n) wherein

the second converters (UR2, URZa -URa ) may be switched in

series or in parallel, are provided and/or

e ) a plurality of third windings (W 3, W3 ..W3n) connected

to a plurality of third converters (UR3, UR3a ..UR3n), wherein

the third converters (UR , UR ..UR n) may be switched in series

or in parallel, are provided.



2 . Circuit arrangement (1, l ) according to Claim 1 ,

characterized in that

in case c ), one first converter (URi) each is connected to

one first winding (Wi, W i . .W in) each and/or

in case d ) one second converter (UR , UR2a UR2 ) each is

connected to one second winding (W W2a..W2n) each and/or

in case e ) , one third converter (UR3/ UR3a..UR3n) each is

connected to one third winding (Ws, W 3 ..W n) each.

3 . Circuit arrangement (1, 1 ) according to either of Claims 1

and 2 , characterized by

a voltage transformer (SWs) which is arranged between the

third converter (UR3, UR3a .-UR3n) and a ) the first connection

(A 1) or b ) the third connection (A 3), and

a control which is connected to the voltage transformer

(SW3) and actuates the voltage transformer (SW3) in such a way

that a voltage adaptation is effected between first and second

connection (Ai, A2) in case a ) and between third and second

connection (A 3, A2) in case b ) .

4 . Circuit arrangement (1, 1 ) according to any of Claims 1 to

3 , characterised by

a voltage transformer (SW2) which is arranged between

second converter (UR2, U 2a-.UR2n) and the second

connection (A 2) for the second on-board supply, and

a second change-over switch (US2) via which the voltage

converter (SW2) can be bypassed in case a ) .

5 . Circuit arrangement (1, l ) according to any of Claims 1 to

3 , characterized by a voltage transformer (SW2) which is in the

form of a step-down and/or step-up converter and is arranged

between second converter (UR2, UR2 ..UR2n) and the second

connection ( 2) for the second on-board supply, and which

comprises a nonlinear choke (L) which has high inductance in

case a ) and low inductance in case b ).



6 . Circuit arrangement (1, 1 Λ) according to any of Claims 1 to

5 , characterized in that the transformer windings (Wi/ i ..Win,

W2, W2a..W2n W3, W a .-Wan) are wound around a common core.

7 . Circuit arrangement (1, I according to Claim 6 ,

characterized in that the second transformer winding (Wj,

W2a ..W2n) is in the form of a foil winding.

8 . Circuit arrangement according to any of Claims 1 to 1 ,

characterized in that the first connection (Ai) and the second

connection (A 2) are provided for different voltage levels.

9 . Circuit arrangement according to any of Claims 1 to 8

characterized by a control for actuating the first change-over

switch (USi, USi ) and/or the second change-over switch (US2)

and/or the third converter (UR3 UR3 . .UR3n) .

10. Motor vehicle, characterized by a circuit arrangement (1

I ' according to any of the preceding claims, in which the

first connection (Ai) is connected to a first on-board supply

inside the vehicle and the second connection (A ) is connected

to a second on-board supply inside the vehicle.

11. A circuit arrangement for power distribution in a motor

vehicle, comprising:

a transformer, said transformer having at least three

magnetically coupled transformer windings;

a first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first converter coupling said first connection to a

first of said at least three magnetically coupled windings;

a second onboard supply;



a second connection configured to connect to said second

onboard supply;

a second converter coupling said second connection to a

second of said at least three magnetically coupled windings;

a second-group voltage transformer connected between said

second connection and said second converter;

a third connection configured to connect externally;

a third converter configured to selectively couple said

third connection to a third of said at least three

magnetically coupled windings;

a third-group voltage transformer connected between said

third connection and said third converter; and,

a first change-over switch configured to controllably

connect said third converter either to said first connection

or alternatively to said third connection.

12. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, wherein:

said second-group voltage transformer is a step-down

transformer.

13. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, wherein:

said second-group voltage transformer is a step-up

transformer.

14. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

15. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a nonlinear choke in said second-group voltage

transformer.



16. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a common core around which said transformer windings are

wound.

17. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 16, wherein:

at least one of said transformer windings is in the form

of a foil winding:

18. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, wherein:

said first change-over switch is a three-pole switching

relay.

19. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a plurality of starting/cut-out relays in said first

change-over switch; and,

two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.

20. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, further comprising:

a control configured to effect voltage adaptation between

said first connection and said second connection when said

first change-over switch connects said third converter to said

first connection, and to effect voltage adaptation between

said third connection and said second connection when said

first change-over switch alternatively connects said third

converter to said third connection; said control being

connected to control said third-group voltage converter.



21. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 11, wherein:

said first converter is a unidirectional rectifier.

22. A circuit arrangement for power distribution in a motor

vehicle, comprising:

a first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first transformer winding;

a first converter coupling said first connection to said

first winding;

a second onboard supply;

a second connection configured to connect to said second

onboard supply;

a second transformer winding;

a second converter coupling said second connection to said

second winding;

a second-group voltage transformer connected between said

second connection and said second converter;

a third connection configured to connect externally;

a third transformer winding;

a fourth transformer winding;

a third converter configured to selectively couple said

third connection to said third winding and to said fourth

winding ;

said first and third windings forming a first transformer,

and said second and fourth windings forming a second

transformer;

a third-group voltage transformer connected between said

third connection and said third converter; and

a first change-over switch configured to controllably

connect said third converter either to said first connection

or alternatively to said third connection.



23. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, wherein:

said second-group voltage transformer is a step-down

transformer.

2 . . The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, wherein:

said second-group voltage transformer is a step-up

transformer.

25. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

26. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a nonlinear choke in said second-group voltage

transformer.

27. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, wherein:

said first change-over switch is a three-pole switching

relay.

28. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:

a plurality of starting/cut-out relays in said first

change-over switch; and,

two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.

29. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 22, further comprising:



a control configured to effect voltage adaptation between

said first connection and said second connection when said

first change-over switch connects said third converter to said

first connection, and to effect voltage adaptation between

said third connection and said second connection hen said

first change-over switch alternatively connects said third

converter to said third connection; said control being

connected to control said third-group voltage conve ter

30. A circuit arrangement for power distribution in a motor

vehicle, comprising:

a first transformer stage;

said first transformer stage having a first group of at

least three magnetically coupled windings;

a second transformer stage;

said second transformer stage having a aecond group of at

least three magnetically coupled windings;

first onboard supply;

a first connection configured to connect to said first

onboard supply;

a first converter unit coupling said first connection to a

first winding of said first group of at least three

magnetically coupled windings, said first converter unit also

coupling said first connection to a first winding of said

second group of at least three magnetically coupled windings;

a second onboard supply;

a second connection configured to connect to said second

onboard supply;

a second converter unit coupling said second connection to

a second winding of said first group of at least three

magnetically coupled windings r said second converter unit also

coupling said second connection to a second winding of said

second group of at least three magnetically coupled windings;

a second-group voltage transformer connected between said

second connection and said second converter unit;



a third connection configured to connect externally;

a third converter unit configured to selectively couple

said third connection to a third winding of aid first group

of at least three magnetically coupled windings, said third

converter unit also configured to selectively couple said

third connection to a third winding of said second group of at

least three magnetically coupled windings;

a third-group voltage transformer connected between said

third connection and said third converter unit; and,

a first change-over switch configured to controllably

connect said third converter unit either to said first

connection or alternatively to said third connection.

31. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30 further comprising:

said first converter unit having a first-group first

converter coupled to said first winding of said first group of

at least three magnetically coupled windings;

said first converter unit having a first-group second

converter coupled to said first winding of said second group

of at least three magnetically coupled windings; and,

said first-group first converter coupled in parallel to

said first-group second converter.

32. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

said second converter unit having a second-group first

converter coupled to said second winding of said first group

of at least three magnetically coupled windings;

said second converter unit having a second-group second

converter— coupled to said second winding of said second group

of at least three magnetically coupled windings; and,

said second-group first converter coupled in parallel to

said second-group second converter.



33. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

said third converter unit having a third-group first

converted coupled to said third winding of said first group of

at least three magnetically coupled windings; and,

said third converter unit having a third-group second

converter coupled to said third winding of said second group

of at least three magnetically coupled windings.

34. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 33 f further comprising:

a switch configured to controllably connect said third-

group first converter either in parallel or alternatively in

series with said third-group second converter.

35. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a second change-over switch configured to controllably

bypass said second-group voltage transformer.

36. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, further comprising:

a nonlinear choke in said second-group voltage

transformer.

37. The circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30, wherein:

said first change-over switch is a three-pole switching

relay.

38. A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30 further comprising;

a plurality of starting/cut-out relays in said first

change-over switch; and,



two further starting/cut-out relays configured to

controllably connect said third connection to a two-pole AC

voltage supply.

39, A circuit arrangement for power distribution in a motor

vehicle as claimed in claim 30 further comprising:

a control configured to effect voltage adaptation between

said first connection and said second connection when said

first change-over switch connects said third converter unit to

said first connection, and to effect voltage adaptation

between said third connection and said second connection when

said first change-over switch alternatively connects said

third converter unit to said third connection; said control

being connected to control said third-group voltage converter.

40. Circuit arrangement (l r 1 ) for power distribution in a

motor vehicle, comprising:

a transformer having at least three magnetically coupled

transformer windings (W ,W 1,,. .W ln ;W2arW2b . . 2n 3ar 3b . 3n)

a first connection (Ai) for a first on-board supply which

is inside the vehicle and is coupled via a first converter to

a first transformer winding (W la,W 1 ..Wm) ;

,a second connection (A 2) for a second on-board supply

which is inside the vehicle and is coupled via a second

converter to a second transformer winding (W 2a,W .. n)/

a third connection (Aa) for a power supply which is

outside the vehicle and is coupled via a third converter to a

third transformer winding (W ,W3 ..W n); and

a first change-over switch (USi) , via which the third

converter can be connected alternatively ) to the first

connection (Ai) or b ) to the third connection (A 3),

characterised in that.

σ) a plurality of first windings (W l ,W 1b..W 1n) connected to

a plurality of first converters (URi..URi), wherein th e first



converters (URi
1
URi) may b e switched i series or in parallel,

are provided and/or

d ) a plurality o f second windings (W2a, W 2t . W 2 ) connected

to a plurality of second converters (UR , U R b . .UR 2n ) , wherein

the second converters (UR2a,UR2b» - n) may b e switched in

series or in parallel, a provided and/or

e ) a plurality of third windings { , Wat,. .W n ) connected

t o a plurality o f third converters (UR3a, b .UR311) , wherein

the third converters (UR3a, UR3t>- -URsn ) ay switched in series

o r in parallel, are provided, and

- f ) a voltage transformer (SW2) is provided which

represents a step-down and/or a step-up converter and is

arranged between the plurality of second converters

(UR 2 UR 2,-. -UR n ) and the second connection (A ) for the second

on-board supply, and which comprises a nonlinear choke (L)

having a high inductance in case a ) and a low inductance in

case b )

41. Circuit arrangement (l f 1 %) according to claim 40,

characterized in that

- in case c ) , one first converter (URi,,URi) each is

connected to one first winding (W 1a,W 1b .-W 1n ) each and/or

in case d ) r one second converter (UR2a,UR2b. .UR2n) each is

connected to one second winding (W 2 , 2 .-W n) each and/or

- in case e ), one third converter (UR ,URs 1,. .URs ) each is

connected to one third winding (Wg ,, 3 ,. .W31,) each.

42. Circuit arrangement (1, 1 ) according t o either of claims

40 and 41, characterized b y

a voltage transformer (S ) which is arranged between the

third converters (UR3a,UR3t>. R3n ) and a ) the first connection

(Ai) or b ) the third connection (A 3), and

a control which is connected to the voltage transformer

(SW3) and actuates the voltage transformer (SWa) in such a way

that a voltage adaptation is effected between the first and



second connection (Ai, A2) in case a ) and between the third

and second connection (A 3, A2) in case b ) .

43. Circuit arrangement (1, 1 ) according to any of claims 40

to 42, characterized in that the transformer windings

(W J ,Wlb ..W n ;W 2 W 2 ..W ;W3 , 3 .,
3lJ
) are wound around a common

core.

44. Circuit arrangement (1, 1 ) according to claim 43

characterized in that the second transformer windings

(Wsa W2 .. 2n ) are in the form of a foil winding each.

45. Circuit arrangement according to any of claims 40 to 44,

characterized in that the first connection (A 1) and the second

connection (A 2) are provided for different yoltage levels .

46. Circuit arrangement according to any of claims 40 to 45,

characterized by a control for actuating the first change-over

switch (US 1, US1 ) and/or the second change-over switch (US2)

and/or the third converters (UR3 UR3 .-UR3n)-

47. Motor vehicle, characterized by a circuit arrangement (1,

1 ) according to any of the claims 40 to 46, in which the

first connection (Ai) is connected to a first on-board supply

inside the vehicle and the second connection (A ) is connected

to a second on-board supply inside the vehicle.

48. Circuit arrangement (1) for power distribution in a motor

vehicle, comprising:

a transformer having at least three magnetically coupled

transformer windings (W 1ar W2α,W3a;W lb ,W2b,W3b /..;Wm, W3n);

a first connection (Ai) for a first on-board supply which

is inside the vehicle and is coupled via a first converter to

a first transformer winding ( l ,Wlb ..W 1n );



a second connection ( 2 ) for a second on-board supply

which is inside the vehicle and is coupled via a second

converter to a second transformer winding ( W2b- - 2n) f third

connection (A 3) for a power supply which is outside the vehicle

and is coupled via a third converter to a third transformer

winding (W 3a W 3 ..W 3 ); and

a first change-over switch (US 1)r via which the third

converter can be connected alternatively a ) to the first

connection (Ai) or b ) to the third connection (A 3),

characterized in that

the transformer is part o f a plurality of n transformer

stages (T ,Tl ..Ti ), each transformer stage (T ia T j,b -Ti )

having a group of at least three magnetically coupled windings

( 1 ,W 2a,W 3a#W 1,W2 ,W 3b . W ,W 2n,W 3n ) respectively,

the first converter is part of a first converter unit of n

first converters (URi. .URi) / said first converter unit coupling

the first connection (Ai) to the first windings (W 1a/ W 1b . .W 1n ) of

the transformer stages (Tu, T i .•Ti ) respectively,

the second converter is part of a second converter unit of

n second converters (DR2 UR2b . -UR 2 ) coupling the second

connection (A2) to the second windings ( arWaj,. W n) of the

transformer stages (Ti ,T ib .. 1 ) respectively,

a second group voltage transformer (SW2) is connected

between the second connection (A 2) and the second converter

unit of n second converters (UR2a,UR2b- -UR2n) ,

the third converter is part of a third converter unit of n

third converters (URg UR b --UR 3n ) configured to selectively

couple the third connection (A3) t o the third windings (W 3a ,

W 3b.-W3n) of the transformer stages (T l ,Tib ..Tin ) respectively,

a third-group voltage transformer (SW3) is connected

between the third connection (A3) and the third converter unit

of n third converters (URaa,UR3b. .UR n), and

the first change-over switch (US 1) s configured to

controllably connect the third converter unit o f n third



converters (URa /UR b..URan ) either to the first connection (Ai)

or alternatively to the third connection (A3) .

49. A circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48 further comprising:

s i first converter unit having a first-group first

converter (URi) coupled to said first winding (W 1α) of said

first group of at least three magnetically coupled windings of

a first (TiJ of said transformer stages (Ti T ib .-Tin );

said first converter unit having a first-group second

converter (URi) coupled to said first winding (W 1 ) of said

second group of at least three magnetically coupled windings

of a second (Tu5) of said transformer stages Tχ rTib- -Tin) and,

said first-group first converter coupled in parallel to

said first-group second converter.

50. R circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48, further comprising:

said second converter unit (UR2a R2b - ) having a

second -group first converter (UR2 ) coupled to said second

winding (W;ja) of said first group of at least three

magnetically coupled windings of a first (Tia) of said

transformer stages (Ti ,Tu,. .Tm) ;

said second converter unit (UR2a,UR2t>..UR2n) having a

second-group second converter (UR b ) coupled to said second

winding (W 2 of said second group of at least three

magnetically coupled windings of a second (Tib) f said

transformer stages (Tia,Tib .-Tin); and,

said second-group first converter (URza) coupled in

parallel to said second-group second converter ( R b) .

51. A circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48, further comprising:

said third converter unit (UR3 ,UR 3h ,-UR 3 ) having a third-

group first converter (UR3 ) coupled to said third winding (W



of said first group of 3-t least th e magnetically coupled

windings of a first (Ti ) of said transformer stages

(T i Tib.. Tm); and,

said third converter unit (UR3 ,UR3b. .UR311) having a third-

group second converter (UR3 ) coupled to said third winding

(W 3b) of said second group of at least three magnetically

coupled windings of a second (Tu,) of said transformer stages

52. A circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 51, further comprising :

a switch configured to controllably connect said third-

group first converter ( a) either in parallel or

alternatively in series with said third-group second converter

53. K circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48, further comprising:

a second change-over switch (US2) configured to

controllably bypass said second-group voltage transformer (SW2)-

54. A circuit arrangement (1) for power distribution in

motor vehicle as claimed in claim 48, further comprising:

a nonlinear choke in said second-group voltage transformer

(SW2) .

55. The circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48 wherein:

said first change-over switch (US 1) is a three-pole

switching relay.

56. A circuit arrangement (1) for power distribution in a

motor vehicle as claimed in claim 48 , further comprising:

a plurality of starting/cut-out relays in said first

change-over switch (US 1); and



two further starting/cut-out relays configured to

controllably connect said third connection (A3) to a two-pole

AC voltage supply.

57. A circuit arrangement {1) for power distribution in a

motor vehicle as claimed in claim 48, further comprising:

a control configured to effect voltage adaptation between

said first connection (Ai) a said second connection (A 2) when

said first change-over switch (OSi) connects said third

converter unit (UR3a ,UE.3 . .URs ) to said first connection (Ai)/

and to effect voltage adaptation between said third connection

(A 3) and said second connection (A 2) when said first change¬

over switch (US 1) alternatively connects said third converter

unit (URga / R 3 " - R 3 ) to said third connection (A 3) ; said

control being connected to control said third-group voltage

transformer.



Statement according to article 19 PCT

Original claims 1-39 have not been amended.

New claim 4 0 (combination of original claims 1 and 5):

This solution for providing a n appropriate charging voltage in both cases a and b atthe

connection A 2 is neither disclosed in the document of closest prior art D 1 nor in any other

documents of prior art. It combines a functional advantage with the additional constructive

advantage that the nonlinear choke can be produced as a more compact construction and

more economically than a conventional linear choke.

These useful features of the voltage transformer SW2 presented in the description and in

original claim 5 are not disclosed in any prior Art cited.

The original claims 2 ,3 and 6 to 10 were appended - without any amendment oftheir merits -

a s new claims 4 1 to 47.

New independent claim 4 8 Is based o n original claims 1 and 30.

In particular the generic part of original claim 1 has been taken as generic part of new

independent claim 48.

The absence of a first and a second oπ-board supply in the circuit arrangement according to

the generic part ofnew claim 4 Θcompared to original claim 3 0 is disclosed for a special

circuit arrangement according to the present invention, namely in the description o n p , 1,

lines 13 to 2 9 and in original claim 1 proving that n o new subject matter i introduced.

For electric plug-in vehicles the feature of a third connection designed for a power supply

outside the vehicle is mandatory. A third connection to connect externally a s disclosed in

original claim 30 does not introduce new subject matter to claim 48.

When the man skilled in the art considers p . 18, lines 30 to 32, and p . 19, lines 1 ,2 of the

description and Fig. 1 1, it becomes evident that the restricting feature of n~2 in original claim

3 0 is just a n example for the general teaching from the above passages. New claim 4 8 takes

advantage of this more general teaching of this particular feature using n a s a general natural

number. Because of its disclosure In the description and the drawing a s cited above n o new

matter is introduced by this.

The original depending claims 3 1 to 3 9 have been appended as new claims 4 9 to 57. A s they

have been already named a s depending claims from original claim 3 0 which is turned now

into new claim 48, based o n the above, they do not introduce new subject matter.
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