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(57) Abrége/Abstract:

The Invention relates to an energy supply unit (1) for transmitting auxiliary energy to an electrical device, especially a control
circuit (2) In a medium or high voltage installation. Said energy supply unit (1) comprises a primary colil (5) which Is at least

Indirectly connected to an energy source (7); a secondary coll (9) which Is at least In
and an insulating section formed between the primary coll (5) and the secondary col

directly connected to the control circuit (2);
(9). The auxiliary energy Is transmitted via

sald Iinsulating section by means of a magnetic alternating field. The aim of the inver

tion Is to produce an energy supply unit (1)

having a simple and cost-effective structure and producing low leakage inductance and high coupling inductance. In order to
achieve this, the energy supply unit (1) comprises a first carrier plate (4); a primary coll (5) embodied as a flat coll situated on the
first carrier plate (4); a second carrier plate (8); and a secondary coll embodied as a flat coll situated on the second carrier plate

(3). The Insulating section Is embodied as an interferric space (11) formed between

(9).

C an adg http.vopic.ge.ca + Ottawa-Hull K1A 0C9 - atp:/eipo.ge.

OPIC - CIPO 191

the primary coll (5) and the secondary coll

SRR VNEEEN
R 5. sas ALy
O
A

o OPIC




CA 02419075 2003-02-10

ABSTRACT

The invention relates to an energy supply unit for transmitting auxiliary energy to an
electrical device, especially a control circuit in a medium or high voltage installation.
Said energy supply unit comprises a primary coil which 1s at least indirectly connected to
an energy source; a secondary coil which is at least indirectly connected to the control
circuit; and an insulating section formed between the primary coil and the secondary coil.
The auxiliary energy i1s transmitted via said insulating section by means of a magnetic
alternating field. The aim of the invention 1s to produce an energy supply unit having a
simple and cost-effective structure and producing low leakage inductance and high
couphing inductance. In order to achieve this, the energy supply unit comprises a first
carrier plate; a primary coil embodied as a flat coil situated on the first carrier plate; a
second carrier plate; and a secondary coil embodied as a flat coil situated on the second
carrier plate. The insulating section 1s embodied as an interferric space formed between

the primary coil and the secondary coil.
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Title: Energy Supply Unit for Transmitting Auxiliary Energy to an Electrical Device

Description
The present invention concerns an energy supply unit for transmitting auxiliary energy to
an electrical device, especially for a control circuit in a medium or high tension facility The
energy supply unit has a primary coil that stands at least indirectly in connection with an energy

source, a secondary coil, that stands at least indirectly in connection with the control circuit, and
an insulating section constructed between the primary coil and the secondary coil through which

the transmission of the auxiliary energy takes place using a magnetic alternating field.
Power converters installed in multilevel switching for use in middle and high tension

facilities are known from the state of the art (cf. US 5,737,201 and EP 0 944 163 Al). A
multilevel switching permits a modular construction of a power converter. Each of the modules
includes at least two semiconductor power switches and at least one capacitor arranged between
the power switches. The particular character of multilevel switching consists in that the
capacitors do not all lic at the same potential but can be related to different potentials (so-called
“floating capacitors”). An intermediate circuit voltage is in this way passed on to several
“floating capacitors”such that the voltage stress of the semiconductor power switch appears as

the difference between the voltages of two capacitors.

With power converters installed in multilevel switching, the energy supply unit (as with
power converters with semiconductor power switches connected in series) must furnish the
auxiliary energy for a control circuit for activation of various power switches at different high

potentials. Even with other auxiliary facilities, such as, for example, measuring circuits, an

energy supply at high potential must be guaranteed.

Various energy supply units for energy supply of power converters are known from the

state of the art. Thus, for example, a single voltage provision is known in which the energy
transmission and a potential separation for the individual semiconductor power switches take

place by conventional prefabricated impulse transmitters, whereby the windings of the
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transmitter are insulated from one another using a casting compound. But it is technically very
expensive to manufacture such energy supply units for such high insulation voltages as they
occur with control switches for medium and high voltage facilities. These known energy supply

units are correspondingly expensive.

Moreover, energy supply units with a common voltage supply through a medium
frequency (MF) ring feeder are known. The MF ring feeder is fed from a centrally arranged MF
converter with medium frequency alternating current in the range of some 10 kHz. The MF ring
feeder consists of an insulated high voltage (HV) cable that runs in the power converter which
leads to a relatively high leakage inductance. Energy tapping at semiconductor power switch
drivers located at various electric poientials is undertaken with the aid of ferrite cores that
envelop the HV cable. The potential separation, moreover, must either completely take
possession of the insulation of the HV cable upon which correspondingly high standards or glow
dielectric strength are then to be imposed, or the air sp‘ace between cable jacket and ferrite core
must be sufficiently amply dimensioned to avoid flashovers to the core material reliably.

The present invention is based upon the objective of configuring and refining an energy
supply unit of the type mentioned at the beginning such that it generates a low leakage
inductance and a large coupling inductance and has a simple and economical construction.

For accomplishing this objective, the invention, proceeding from the energy supply unit

of the type mentioned at the beginning, proposes that the energy supply unit have

- A first supporting plate;

- a primary coil constructed on the first supporting plate as a flat coil:

. a second supporting plate; and

- a secondary coil constructed on the second supporting plare as a flat coil,

whereby the insulation section is constructed as an air gap fashioned between the primary coil
and the secondary coil.

Alr 1s used as an insulation medium with the energy supply unit of the invention. In this
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way, an aging of the insulation by partial discharges in the insulation material is not possible.
The energy supply unit thus has an extremely high partial discharge strength. A partial discharge
test as a component test within the framework of manufacturing the energy supply unit is not
necessary. Moreover, the insulation section can be visibly configured so that covert defects are
hardly possible. Finally, the energy supply unit of the invention has a simple construction and
can be scaled in an especially simple manner for different insulation and output requirements.

The supporting plates are made of any desired insulation material, preferably of plastic.
The primary coil and the secondary coil can be mounted on the supporting plates in any desired
manner. It 1s especially intended that the flat coils will be applied onto the supporting plates
according to a lithographic or thin layer procedure inherently known on the basis of
microelectronics. The length of the air section between the coils is designed such that a
specifiable insulation voltage is reached.

The energy supply unit of the invention is in particular suited for use in power converters
(in inverters or in rectifiers) of middle or high voltage facilities in which the auxiliary energy
must be furnished for a control circuit for activation of semiconductor power switches at
différent high potentials. The energy supply unit of the invention can nonetheless also be
installed in any other desired electrical arrangement, especially where an energy supply at high
potential is required, such as, for example,. In measuring circuits.

In supplying a control circuit for semiconductor power switches in a power converter of a
middle and high voltage facility with auxiliary energy, it can be advantageous to arrange the
energy supply unit between a power switch and a component (cabinet wall, chassis, etc.) of the

power converter lying at ground potential, such that the primary side of the energy supply unit is
situated near the ground element and the secondary side is situated near the power switch.

Fastening the primary side to the component lying at ground potential and the secondary side to

the semiconductor power switch is conceivable.

Of course, several secondary coils can also be arranged on the secondary side of the
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energy supply unit of the invention-as is also the case with conventional transmitters known on
the basis of the state of the art-so that several voltages can be generated with low additional
expense.

In accordance with an advantageous further development of the present invention, it is
proposed that the auxiliary encrgy be developed as a direct voltage, whereby an oscillator circuit
1s arranged between the energy source and the primary coil that generates an alternating voltage
from an input direct voltage of the energy source for feeding the primary coil, and a circuit for
rectification of the output voltage is arranged between the secondary coil and the control circuit.
In accordance with this further development, a direct voltage transmitter is proposed which is
realized in the form of two supporting plates. The direct voltage transmitter transmits the energy
in the form of a magnetic alternating field through the air gap of the primary coil incorporated on

the primary side supporting plate. The input direct voltage can be relatively easily rendered free
of interference against high frequency (HF) interference through conventional interference

suppression measures or low operating volumes of the coils.

Advantageously the output voltage stabilizes and/or smoothes the circuit for rectification.
Ideally the alternating voltage has an at least approximately sinusoid course. The oscillator
circuit advantageously has a capacitor for compensation of reactive power. In this way, if need
be necessary reactive power can be compensated through the capacitor directly in the oscillator
circuit, so that a direct current with a low upper wave component can be drawn from the direct
voltage supply.

The supporting plates are arranged advantageously to each other so that the middle point

of the primary coil is arranged in relation toward the middle point of the secondary coil. It is, for

example, conceivable that the two supporting plates are arranged pivoted 180 about an

Imaginary connection line through the two middle points relative to each other on the basis of an

exactly opposed mirror image position. The oscillator circuit on the first supporting plate and the

circuit for rectification on the second supporting plate are then arranged at an especially great
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distance to each other. These measures can decisively contribute to the interference suppression
for the energy supply unit of the invention.

In accordance with another advantageous refinement of the present invention, it is
proposed that the primary coil and the secondary coil be set up spiral-like on the supporting
plates. Coils constructed in this manner have an especially low unit height and can be
manufactured particularly economically. Moreover, especially on the secondary side, several
coils engaging into one another can be installed on the supporting plate without difficulty.

In accordance with a preferred embodiment of the present invention, it is proposed that at
least one insulating plate be arranged in the air gap between the supporting plates. With this
embodiment, air serves as the medium of insulation now as before. At least one insulating plate
occupies only a small space between the supporting plates and consequently absorbs but a small
part of the voltage between the supporting plates. Thus only small demands with respect to
partial discharge strength are imposed upon the insulating plate. Without the insulating plate, the
length of the air section between the two coils corresponds to the width of the air gap. The air
section between the coils through the insulating plate arranged between the support plates can be
significantly lengthened while the distance remains constant. At least one insulating plate
consists of any desired insulation material, for example plastic,

Advantageously, an insulating plate is arranged in the air gap between the supporting
plates which has a greater surface than the supporting plates, whereby the edges of the insulating
plates protrude laterally over the edges of the supporting plates. In this way, the air section

between the coils can once again be lengthened. The length of the air section can almost be

varied at will through selection of the dimensions of the insulating plate.

In accordance with a further preferred embodiment of the present invention, it is
proposed that the supporting plates be arranged equidistant from each other at least in the area of
the primary coil or the secondary coil.

Spacers are arranged advantageously between the supporting plates or between the
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supporting plates and at least one insulating plate. Through the spacers, the distance between the
supporting plates and therewith between the coils can be held to a constant value. The
supporting plates or at least one insulating plate are preferably fastened on the spacers. In this
way, the stability of the energy supply unit of the invention can be significantly increased. -

Preferably three spacers are provided in each case between the supporting plates and

between the supporting plates and at least one insulating plate. Through the three spacers, the
position of the supporting plates of the position of the insulating plate relative to the supporting
plate can be reliably, precisely and unambiguously established relative to one another.

In order to avoid that creep sections form through the spacers, it is proposed that the
spacers arranged between the first supporting plate and at least one insulating plate and the
spacers arranged between the second supporting plate and at least one insulating plate be
fastened staggered in relation to each other on at least one insulating plate. With the energy
supply unit of the invention, the air section and the creep sections can be exactly dimensioned

and adapted to the given requirements.

Finally, it is proposed that an additional coil constructed on the first supporting plate as a
flat coil be arranged in the region of the magnetic alternating field, which is connected to the
control unit. The additional coil can be arranged in the region of the primary coll engaging, for
example, into the primary coil. The control unit is, for example, constructed as an evaluating

unit that evaluates a voltage induced during the orderly operation of the energy supply unit io the

additional coil, or is constructed as a contro} light, especially as a luminescence diode (LED) that
indicates the orderly contact of an alternating field during the operation of the energy supply
unit.

Further features, possible uses and advantages of the invention will become apparent
from following description of embodiments of the invention which are represented in the
drawings. Moreover all described or represented featurcs alone or in any desired combination

form the object of the invention independently of their summary in the patent claims or reference
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back to them as well as independently of their formulation or representation in the description or

in the drawing. Depicted are:

Fig. 1 An energy supply unit of the invention in accordance with a preferred embodiment in
perspective representation; and

Fig. 2 A block diagram of the energy supply unit of the invention from Fig. 1.

An energy supply unit of the invention is designated in its entirely with the reference
number 1 in Fig. 1 and Fig. 2. The energy supply unit 1 serves to transmit auxiliary energy for a
control switch 2 (so-called gate drive, GD; cf. F ig. 2) in a power converter of a medium or high
tension facility. The control circuit 2 serves to activate semiconductor power switches 3 of the
power converter. The power converter is preferably constructed in multilevel switching. The
control circuit 2 furnishes the power switches 3 with different, high potentials. The power

circutts 3 are, for example, constructed as IGBT’s (Insulate Gate Bipolar Transistors).

The energy supply unit 1 has a first supporting plate 4 with a primary coil 5 installed
thereupon as a flat coil. The primary coil 5 is connected with a direct voltage source U d
through an oscillator circuit 6. The oscillator circuit 6 generates an alternating voltage for
feeding the primary coil 5 on the basis of an input direct voltage U_d of the energy source 7.

The alternating voltage has an at least approximatcly sinusoid course. Moreover, the energy
supply unit 1 has a second supporting plate 8 with a secondary coil 9 constructed thereupon as a
flat coil. The secondary coil 9 stands in connection with the control circuit 2 through a circuit 10
for rectifying the output voltage U_v. The circuit 10 for rectifying the output voltage U v
moreover implements a stabilization and/or smoothing of the output voltage U v, Of course,
several secondary coils 9 can also be arranged on the secondary side 8, 9, 10 of the energy

supply unit 1 of the invention-as is also the case with conventional transmitters known on the

basis of the state of the art-so that several output voltages U_v can be generated with little
additional expenditure.

An air gap 11 is formed between the primary coil 5 and the secondary coil 9. The air gap
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11 corresponds to the distance between the two coils 5, 9 to each other. An insulating plate 12 is
arranged in the air gap 11 through which an air section 13 between coils 5, 9 can be significantly
lengthened while the width of the air gap 11 remains constant. The insulating plate 12 has a
larger surface than the supporting plates 4, 8, whereby the edges of the insulating plate 12
laterally project over the edges of the supporting plates 4, 8. In this way, the air section 13
between coils 5, 9 can once again be lengthened. The air stretch 13 is designed such that a
specifiable insulation voltage is reached. The insulating plate 12 is made of any desired
insulation matenal, preferably of plastic. The auxiliary energy for the control circuit 2 is
transmitted using a magnetic alternating field over air gap 11.

The supporting plates 4, 8 are made of any desired insulation material, preferably plastic.
The coils 5, 9 are constructed spiral-like. The primary coil 5 and the secondary coil 9 are
mstalled on the supporting plates 4, 8 in any desired manner, preferably according to a
lithographic or thin layer procedure inherently known on the basis of microelectronics for
manufacturing printed circuits.

The supporting plates 4, 8 are arranged equidistant from one another, A middle point 16
of the primary coil 5 is arranged opposite a middle point 17 of the secondary coil 9. It is, for
example, conceivable that the two supporting plates 4, 8 are pivoted 180 about an imaginary
connection line 18 through the two central points 16, 17 relative to one another in the exactly

opposed mirror image position represented in Fig. 1. The distance between the oscillator circuit
6 and the circuit 10 for rectification would then be especially great, which would lead to an
Interference suppression of the energy supply unit 1.

It is conceivable that the primary coil 4, 5, 6 of the energy supply unit 1 is fastened on a
component (cabinet wall, chassis etc.) of the power converter lying a ground potential and that
the secondary side 8, 9, 10 is fastened on the semiconductor power switch 2. Since the

component lying at ground potential as well as the power switch 2 usually have an exactly

deftned position in the power converter, the primary side 4, 5, 6 and the secondary side 8, 9, 10

10
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are therewith also exactly positioned, and the air gap 11 has an exactly defined width.

Alicrnativcly or additionally, the air gap 11 can be securely and reliably fixed in the
exactly defined breadth by spacers 14, 15. Three spacers 14 are arranged between the first
supporting plate 4 and the insulating plate 12 and fastened on plates 4, 12. Three additional
spacers 15 are arranged between the second supporting plate 8 and the insulating plate 12 and
fastened on plates 8, 12. In order to avoid the formation of creep sections over the spacers 14,
15, the spacers 14 are fastened staggered in relation to spacers 15 on the insulating plate.

Finally an additional coil 19 is formed on the first supporting plate 4 as a flat coil in the
region of the magnetic alternating field. The further coil 19 runs outside around the primary coil
5. The additional coil 19 is directly connected to a control unit constructed as a luminescence

diode (LED) 20. The LED 20 indicates the contact of an orderly alternating field during

operation of the energy supply unit 1.

11
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Patent claims
1. Energy supply unit (1) for transmitting auxiliary energy for an electrical arrangement, especially for a

control circuit (2) in a medium or high voltage facility, whereby the energy supply unit (1) has a primary
coil (5), which stands at least indirectly in connection with an energy source (7), a secondary coil (9) which

stands at least indirectly in connection with the contro) circuit (2), and an insulating section installed
between the primary coil (5) and the secondary coil (9), over which the transmission of auxiliary energy
takes place by means of a magnetic alternating field, characterized in that a primary coil (5) constructed as

a flat coll is installed on a first supporting plate (4) and a secondary coil (9) constructed as a flat coil is

installed on a second supporting plate (8), the two supporting plates (4, 8) are arranged at a defined distance

to each other, and the insulating section is constructed as an air gap (1) formed between the primary coil

(3) and the secondary coil (9).

2. Energy supply unit (1) according to claim 1, characterized in that the auxiliary energy is formed as a direct
voltage (U_v), whereby an oscillator circuit (6) is arranged between the energy source (7) and the primary
coil (5) which generates an altemating voltage from an input direct voltage (U_d) of the energy source (7)
for feeding the primary coil (5), and a circuit (10) for rectifying the output voltage (U_v) is arranged

between the secondary coil (9) and the control circuit (2).

3. Energy supply unit (1) according to claim 2, characterized in that the circuit (10) for rectifying stabilizes or

smoothes the output voltage (U_v).

4. Energy supply unit (1) according to claim 2 or 3, characterized in that the alternating voltage has an at least

approximately sinusoid course.

S. Energy supply unit (1) according to one of claims 2 to 4, characterized in that the oscillator circuit (6) has é

capacitor for compensating for reactive power.

6. Energy supply unit (1) according to one of claims 1 to 5, characterized in that the primary coil (5) and the

secondary coil (9) are installed spiral-like on the supporting plates (4, 8).

7. Encrgy supply unit (1) according to one of claim 6, characterized in that the supporting plates (4, 8) are
05/03/2002
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arranged relative to each other such that the center point (16) of the primary coil (5) is arranged opposite
the center point (17) of the secondary coil (9).

8. Encrgy supply unit (1) according to one of claims 1 to 7, characterized in that at least one insulating plate
(12) is arranged in the air gap (11) between the supporting plates (4, 8).

9. Energy supply unit (1) according to claim 8, characterized in that an insulating plate (12) is airanged in the
air gap (11) between the supporting plates (4, 8) which has a larger surface than the supporting plates (4, 8),
whereby the edges of the insulating plate (12) laterally project over the edges of the support plates (4, 8).

10. Energy supply unit (1) according 1o one of claims 1 to 9, characterized in that the supporting plates (4. 8)
are arranged equidistant from one another in the region of the primary coil (5) or the secondary coil (9).

11. Energy supply unit (1) according to claim [0, characterized in that spacers (14, 15) are arranged between
the supporting plates (4, 8) or between the supporting plates (4, 8) and at least one an insulating plate (12).

12. Energy supply unit (1) according to claim 11, characterized in that the supporting plates (4, 8) or at least
one insulating plates (12) are fastened to the spacers (14, 15).

13, Energy supply unit (1) according to claim 11 or 12, characterized in that in any given case three spacers
(14, 15) are provided between the supporting plates (4, 8) or the supporting plates (4, 8) and at least one
insulating plate (12).

14. Energy supply unit (1) according to claim 13, characterized in that the spacers (14) arranged between the
first supporting plate (4) and at least one insulating plate (12) and the spacers (135) arranged between the
second supporting plate (8) and at least one insulating plate (12) are fastened staggered in relation to one
another on at least one insulating plate (12),

15. Energy supply unit (1) according 10 one of claims 1 to 14, characterized in that a further coil (19) insralled

on the first supporting plate as a flat coil is arranged in the region of the magnetic alternating field which is

connected 10 8 control unit (20).

05/03/2002
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