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(57) Abréegée/Abstract:

In a voltage converter (39) having a voltage intermediate circuit (11) and an invertor (10) following on from the voltage intermediate
circuit (11), which invertor (10) produces a three-phase AC voltage at its outputs and is connected to the output terminals (20,..,22)
of the voltage converter (39) via a filter arrangement (17,..,19; 23,..,25), the filter arrangement having in each case a filter inductor
(17,..,19), connected In series with the output terminal (20,..,22), and a filter capacitor (23,..,25) which Is connected between the
output terminal (20,..,22) and a common capacitor star point (26), effective attenuation of the DC system Is achieved by virtue of
the fact that the capacitor star point (26) Is connected to the voltage intermediate circuit (11) via an RC element (38) having a
capacitor (36) and a resistor (37).
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ABSTRACT OF THE DISCLOSURE

In a voltage converter (39) having a voltage
intermediate circuilt (11) and an invertor (10)
following on from the voltage intermediate circuit
(11), which 1invertor (10) produces a three-phase AC
voltage at 1ts outputs and is connected to the output
terminals (20,..,22) of the voltage converter (39) via
a filter arrangement (17,..,19; 23,..,25), the filter
arrangement having 1n each case a filter inductor
(17,..,19), connected 1n series with the output
terminal (20C,..,22), and a filter capacitor (23,..,25)
which 1is connected Dbetween the output terminal
(20, ..,22) and a common capacitor star point (26),
effective attenuation of the DC system is achieved by
virtue of the fact that the capacitor star point (26)
1s connected tc the voltage intermediate circuit (11)
via an RC element (38) having a capacitor (36) and a

resistor (37).

(Fig. 4)
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TITLE OF THE INVENTION

Voltage Converter

BACKGROUND OF THE INVENTION

Field of the Invention

The present 1invention relates to the field of
power electronics. It concerns - a voltage converter
having a voltage intermediate circuit and an invertor
following on from the voltage intermediate circuit,
which 1invertor produces a three-phase AC voltage at its
outputs and 1s connected to the output terminals of the
voltage converter via a filter arrangement, the filter
arrangement having 1in each case a filter inductor,
connected 1in series with the output terminal, and a
ftilter capacitor which is connected between the output
terminal and a common capacitor star point.

Such a vocltage converter 1is disclosed, for

example, 1n the printed publication EP-A1-0 682 401
(Fig. 1).

Discussion of Background

In orcer to achieve generally loss-free
filtering of the output voltage from a converter having
a voltage 1intermediate circuit (voltage converter), use
1s nowadays made of a filter <comprising filter
inductors and filter capacitors (LC filter). A possible
embodiment 1s one which has filter capacitors connected
in star formation, as described in the printed
publication mentioned in the introduction and
lllustrated 1in Fig. 1. 1In this case, the voltage
converter 39 shown 1in Fig. 1 comprises a voltage
intermediate circuit 11 having two terminals 12 and 13,
between which 1intermediate circuit capacitors 14, 16
are arranged and have a center tap 15 or else can be
one capacitor. The voltage intermediate circuit 11 is
followed on by an invertor 10 (equipped with power
semiconductors) which outputs the generated polyphase

AC voltage at corresponding output terminals 20, 21 and
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22 via a filter formed from filter inductors 17, 18 and
19 and filter capacitors 23, 24 and 25. The filter
inductors 17/-19 are 1in each case connected in series
with the output terminals 20-22. The filter capacitors
23-25 are connected between the output terminals 20-22
and a common capacitor star point 26.

In another known filter circuit, which is shown
in Fig. 2, the filter capacitors 27, 28, 29 are delta-
connected, 1.e. connected between two of the output
terminals 20-22 in each case.

In a further filter circuit, which is shown in
Fig. 3 and 1s likewise disclosed 1in the printed
publication mentioned 1in the introduction (Fig. 3),
three respective filter capacitors 30-32 and 33-35
jointly provide feedback from the output terminals
20-22 to the terminals 12 and 13 of the voltage
intermediate circuit 11.

The circuits shown in Figs. 1 and 2 filter only
the pure three-phase voltage systems. The DC system, on
the other hand, is not filtered. Sudden voltage changes
in the DC system are passed on unimpeded to the
connection terminals 20-22 of the load if the star
point of the load or, in Fig. 1, the capacitor star
point 26 1s not grounded. The two measures cannot be
used 1n a general manner, however.

The circuit shown in Fig. 3 does not have these
disadvantages. Its Oown disadvantage 1S of a
system—-related nature and comes to bear when the
conditions of use for the filter are such that, with no
additional measures, free oscillations are continually
excited. Loss-free attenuation of these free
oscillations can be achieved only by using a controller
which 1intervenes 1n the switching sequence of the
invertor 10. Nowadays, the switching sequence of the
invertor 10 1s usually determined by a control computer

which uses the load conditions as a basis for

establishing thes switching commands for the power

switches 1n the 1invertor. The control computer usually



10

15

20

23

30

35

CA 02245451 1998-08-21

97/108

operates 1n only two coordinates, on account of the
symmetry of the output. This makes it possible to
determine the switching states of the three phases.
From the viewpcocint of the filter in the circuit shown
in Fig. 3, the three phases are decoupled. Any
resonance control must therefore be carried out with
three control loops which act independently. This means
that 1t 1s no longer a simple matter to integrate
resonance correction 1into load control. However, as
both parts of the control have access to the same
manipulated variable, they must not operate in a
decoupled manner. In all cases, a considerable amount
of additional effort 1s required in order to resolve
this conflict. A further disadvantage of the circuit
shown in Fig. 3 1s the high additional current loading
of the intermediate clrcult capacitors and the
invertor, which 1s caused by the filter capacitors
being subjected to charge reversal by the DC voltage
system, particularly at low switching frequencies of
the invertor semliconductor switches. The same
disadvantages also arise if the capacitor star point 26
in the circuit shown in Fig. 1 is connected directly to

one of the terminals 12, 13 or the center tap 15.

SUMMARY OF THE INVENTION

Accordingly, one object of the invention is to

modify a voltage converter of the type mentioned in the
introduction 1n such a way that the DC system is also
filtered effectively without any great amount of

additional effort.

The object 1s achieved in & voltage converter

of the type mentioned in the introduction by virtue of
the fact that the capacitor star point is connected to
the voltage 1i1ntermediate circuit wvia an RC element
having a capacltor and a resistor. The capacitor of the
RC element eliminates steady-state currents through the

resistor of the RC element. The resistor of the RC

.......



10

15

20

25

30

CA 02245451 2003-08-18

- 4 -

element serves as a damping resistor and attenuates the

osclllations.
A preferred embodiment of the circuit according to
the 1invention 1s distinguished by the fact that the

capacitance of the capacitor is very much lower than the

capacitance of the filter capacitors. This means that the
resonance control for the main filter having the filter
inductors and filter capacitors 1s not affected. The

gradient of the sudden voltage changes in the DC system

1s effectively limited, however. With a suitable design,
the high-frequency resonance is effectively attenuated at
the same time, without provoking unacceptably high
losses.

According to a still further broad aspect of the
present invention there 1s provided a voltage converter
having a voltage 1intermediate circuit and an inverter
following on from the voltage intermediate circuit. The
inverter produces a 3-phase AC voltage at its outputs and
1s connected to output terminals of the voltage converter
via a filter arrangement. The filter arrangement has,
assoclated with each output terminal, a filter inductor
connected 1n series with the output terminal, and a
filter capacitor which 1s connected between the output
terminal and a common capaclitor gstar point. The
capaclitor star point 1s connected to the wvoltage
intermediate circuilt via an RC element having a capacitor
and a resistor.

Other embodiments can be found 1n the dependent

claims.

BRIEEF DESCRIPTION OF THE DRAWINGS
A more complete appreciation of the i1invention and

many of the attendant advantages thereof will be readily
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obtained as the same becomes better understood by
reference to the following detailed description when
considered 1n connection with the accompanying drawings,
wherein:

FIGS. 1-3 show various filter circuits for voltage
converters based on the prior art; and

FIGS. 4-6 show various exemplary embodiments of a
filter circuit according to the invention, the star point
being connected to the voltage intermediate circult at

different points via the RC element.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like
reference numerals designate i1identical or corresponding
parts throughout the several views, FIG. 1 shows a
circuit pertaining to the prior art. On the basis of this

circuit, according to the invention, the capacitor
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star poilnt 26 1s connected (looped back) to the voltage
lntermediate circuit 1l via an RC element comprising a
capacitor and a resistor. Although this does not
completely eliminate the sudden changes 1in the DC
component, they are limited to tolerzble proportions
(e.g. >500 V/us). 1In accordance with the exemplary
embodiments shcocwn 1in Figs. 4 to 6, the connection can
be made at wvarious polints here. In Fig. 4, the
capacitor star point 26 1s looped back to the terminal
12 (positive ferminal) of the voltage intermediate
circuit 11 wvia the RC element 38 comprising the
capacitor 36 and the resistor 37. In Fig. 6, the
capacitor star point 26 1is looped back to the terminal
13 (negative terminal) of the voltage intermediate
circuit 11 wvia the RC element 38 comprising the
capacitor 36 and the resistor 37. In Fig. 5, the center
tap 15 - 1f provided - of the intermediate circuit
capacitors 14, 16 1s used as the connection point for
the RC element 38.

Various exemplary simulations hazve been carried
out for a 1IMVA/4kV converter connected in a three-point
arrangement and operating at a switching frequency of
500 Hz with a filter «circuit according to the
invention. Using a capacitor 36 with a capacitance of
82.9 nF and a ©603-ohm resistor 37, this produced losses
of 341 watts and gradients dV/dt in the DC system of
495 V/us.

Obviously, NnumMercus modifications and
variations of fthe present invention are possible in
light of the above teachings. It is therefore to be
understood that within the scope of the appended

claims, the 1nvention may be practiced otherwise than

as specifically described herein.
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CLAIMS,

1. A voltage converter having a voltage intermediate
circuit and an invertor following on from the voltage
intermediate circuit, which invertor produces a three-phase
AC wvoltage at 1ts outputs and 1is connected to output
terminals of the voltage converter via a filter arrangement,
the filter arrangement having associated with each output
terminal a filter inductor, connected 1in series with the
output terminal, and a filter capacitor which is connected
between the output terminal and a common capacitor star
point, wherein the capacitor star point is connected to the
voltage 1ntermediate circuit via an RC element having a

capacitor and a resistor.

2. The voltage converter as c¢laimed 1in claim 1,
wherein the capacitance of the capacitor is very much lower

than the capacitance of the filter capacitors.

3. The voltage converter as c¢laimed 1in claim 1,
wherein the capacitor star point 1s connected to a positive
terminal of the wvoltage 1intermediate circuit wvia the RC

element.

4 . The wvoltage converter as claimed in claim 1,
whereiln the capacitor star point 1s connected to a negative
terminal of the voltage intermediate circuit wvia the RC

element.

5. The wvoltage converter as claimed in claim 1,
whereiln the wvoltage 1ntermediate circuilt has 1intermediate
circult capacilitors with a center tap, and wherein the
capacilitor star point 1s connected to the center tap of the

intermediate clrcult capacilitors via the RC element.
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6. The voltage converter as c¢laimed 1n claim 2,
wherein the capacitor star point 1s connected to a positive
terminal of the wvoltage intermediate circult via the RC

element.

7. The voltage converter as claimed 1n claim 2,
wherein the capacitor star point is connected to a negative
terminal of the voltage 1intermediate circuit wvia the RC

element.

8 . The voltage converter as c¢laimed 1n claim 2,
wherein the voltage intermediate circuit has 1ntermediate
circuit capacitors, with a center tap, and wherein the
capacitor star point is connected to the center tap of the

intermediate circuit capacitors via the RC element.
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