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A method and a device for correcting the DC offset of a converter are specified. The invention Is defined in that the output voltage
of the converter on the AC voltage side Is fed to an essentially passive low-pass filter which reduces the output voltage to a level
which can be processed electronically. Connected downstream of the low-pass filter iIs a controller which controls the DC offset
essentially to zero by delaying the switching commands. The low-pass filter and the controller are arranged at a high-voltage
potential.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

CA 02216133 1997-09-23

METHOD AND DEVICE FOR CORRECTING THE
DC OFFSET OF A CONVERTER

ABSTRACT OF THE DISCLOSURE

A method and a device for correcting the DC

of fset of a converter are specified. The invention 1s
defined in that the output voltage of the converter on
the AC voltage side is fed to an essentially passive
low-pass filter which reduces the output voltage to a
level which can be processed electronically. Connected
downstream of the low-pass filter is a controller which
controls the DC offset essentially to zero by delaying
the switching commands. The low-pass filter and the

controller are arranged at a high-voltage potential.

(Figure 1)
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TITLE OF THE INVENTION
Method and device for correcting the DC offset of a

converter

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to the field of power
electronics. It proceeds from a method and a device for
correcting the DC offset of a converter in accordance

with the preamble of the first claim.

Discussion of Background
In U converters, that 1is to say converters

having a DC intermediate circuit, which feed a power
transformer on the AC voltage side, problems arise with
a DC voltage component (DC offset) attached to the AC
voltage. Although, by comparison with the amplitude of
the AC voltage (for example 7.5 kV) this DC offset is
very small (for example a few volts or fractions
thereof), this DC offset can bring the transformer to
saturation. This substantially reduces the power to be
transmitted, or can even render operation impossible.
The following solutions have been proposed to date to
reduce these influences:

On the one hand, structural measures are
undertaken on the transformer. In particular, an air
gap 1s provided, or induction measurement probes (for
example Hall probes) are inserted into the transformer
and the DC offset is corrected as well as possible.
However, these measures are comparatively complicated
and expensive and are capable of controlling the DC
offset only to a certain minimum. The structural
interventions on the transformer are attended by
relatively 1large 1losses and noise emissions. These
disadvantages are no longer acceptable, in particular
for high-power transformers.

On the other hand, attempts have been made to

measure and correct the DC offset by means of high-
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precision DC current transformers, which are therefore
also expensive. However, this measure likewise produced
only unsatisfactory correction, and the control was

correspondingly complicated and expensive.

SUMMARY OF THE INVENTION

Accordingly, the object of this invention is to
provide a device and a method for correcting the DC
offset of a converter, which device or method is as
simple as possible to construct, is robust in operation
and, by comparison with the prior art, permits improved
correction of the DC offset.

This object is achieved in the case of a device or
of a method of the type mentioned at the beginning by
means of the features of the first claim. '

The essence of the invention is thus that the
output voltage of the converter on the AC voltage side
1s fed to a low-pass filter which is essentially
passive (that 1is to say, free from offset) and which
reduces the alternating component of the output voltage
to a level which can be processed electronically.
Connected downstream of the low-pass filter is a
controller which controls the DC offset essentially to
zero by slightly delaying or shifting the corresponding
switching commands. The low-pass filter is preferably
designed as a combined passive and active filter. The
use of a passive filter has, in particular, the
advantage that no additional DC offset is added by the
operational amplifiers. Since the electronic measuring

and control circuit is at the power current potential

~of the converter, the output signal of the controller

1s preferably fed optically in digitized form to the
driving circuit of the switches of the converter. The
A/D converter is advantageously connected downstream of
the controller so that .a DC offset added by the A/D
converter 1S also automatically corrected. The
controller gain amounts to, for example, the range of
25-75 pus/V. The invention wuses the fact that very

favorable standard operational amplifiers with
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outstanding offset characteristics are presently
avallable on the market.

According to a broad aspect of the present
invention, there 1s provided a device for correcting
the DC offset of a converter, having a DC intermediate
circuit and a transformer on the AC voltage side.
Power semiconductor switches of the converter are
switched on and off in accordance with switching
commands of a driving circuit. A low-pass filter 1is
also provided and has a passive part and an active
part, for producing an output voltage on the AC voltage
side of the converter to a level which can be processed
electronically. Downstream of the low-pass filter,
there is connected a controller which includes at least
one of a  proportional controller, an integral
controller, and a proportional-integral <controller
which is connected to the driving circuit and controls
the DC offset essentially to 2zero by delaying or
shifting the switching commands.

The method according to the invention, and the
device according to the invention provide a converter
output voltage which, 1in the 1ideal case, has no DC
offset which disturbs the transformer. The solution
according to the invention is substantially less
expensive and more precise than the approaches to a

solution in accordance with the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention

and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying

drawings, wherein:

Figure 1 shows a block diagram of the device according

to the invention;
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Figure 2 shows a possible circuit arrangement for the

low-pass filter and the controller; and

Figure 3 shows a variant of the invention for 3-phase

converters.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like

reference numerals designate identical or corresponding
parts throughout the several views, Filgure 1 shows a
block diagram with the aid of which the method
according to the invention and the device according to
the invention are to be explained. 1l denotes a
converter which 1s connected to a DC voltage
intermediate circuit 2, represented by a DC voltage

source. A transformer 3 1s provided on the AC voltage
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side. For 1ts part, the transformer 3 is connected to a
load (not represented), for example a drive motor or a
power supply system or the 1like. The AC voltage
generated by the converter 1 has an unavoidable DC
voltage component (DC offset). ‘When 1t becomes too
large, this DC wvoltage component can bring the
transformer 3 1nto saturation. Even if the DC offset
when uncontrolled is very small by comparison with the
AC voltage generated by the converter 1 (for example
10 mV DC/7.5 kV AC), it has a damaging influence on the
transformer which 1s such as to call into question the
ability of the entire circuit arrangement to function.
It 1s therefore imperative to suppress the DC offset as
effectively as possible.

Thlis suppression is achieved according to the
invention by firstly bringing the output voltage of the
converter 1 on the AC voltage side to a level which can
be processed electronically. For this purpose, a low-
pass fillter 5 1s provided which strongly damps the
measured output voltage above a specific cut-off
frequency. Connected downstream of the low-pass filter
5 1s a controller 6 which controls the output voltage
of the low-pass filter 5 to zero. This is performed by
virtue of the fact that the controller 6 is connected
to the driving circuit 4 of the power semiconductor
switches of the converter 1. The DC offset is corrected
by delaying the commands for switching on and off in
accordance with the voltage present at the controller
6. If, for example, a positive DC offset is measured,
the switches for switching on the positive half wave
are delayed until, as measured over one period, it 1s
finally no longer possible to determine any DC offset.
In the case of a negative DC offset, it is, of course,
the commands for switching on the negative half wave
which are delayed. Of course, instead of a delay, it 1is
also possible for the respective other switches to be
switched on prematurely, while those already conducting
are switched off earlier. Of course, the same also

holds for driving the switches by pulse-duration
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modulation. The controller gain is, for example, 1n the
range of 25-75 us/V, 1in particular approximately
50 us/V. That is to say, a delay of approximately 50 us
is generated per 1 volt present at the controller
output. |

In accordance with Figure 2, the low-pass
filter 5 preferably comprises a passive part' 10 and an
active part 11. The passive component filter 10 can be
designed, for example, 1n the form of a three-stage
cascade of RC elements. This 1i1s then a low-pass filter
of third order. Passive filters have the advantage that
no inherent DC offsets are added. Consequently, for the
active component filter 11 use 1s advantageously made
of an operational amplifier of low offset which also
has a small temperature  drift. Such modules are
currently available on the market 1n a standard, low-
cost design.

The same holds for the controller 6, which can
be designed as a P controller, a PI controller or an I
controller. An I controller is represented in Figure 2.
The controller 6 and the low-pass filter 5, as well as
the A/D converter 7, are arranged together with the
remaining measurement electronics at a high voltage
potential. Consequently, offset errors caused
subsequently no longer 1influence the DC wvoltage
component of the output voltage of the converter 1 on
the AC voltage side. In particular, the arrangement of
the A/D converter 7 downstream of the controller 6
permits the influence of the A/D converter also to be
automatically corrected. The switch assigned to the
controller 6 serves to reset the integrator when the
converter 1is not operating. It 1s driven in accordance
with the driving circuit 4 wvia the optical fiber 9
leading to the controller 6.

Signals are preferably connected between the
driving circuit 4 and the controller or the A/D
converter 7 by means of optical fibers 9. The
measurement electronics, that 1is to say the active

filter 11, the controller 6, the A/D converter 7 and
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the optocouplers 8 can be provided with the required
power either via an isolating transformer or by
coupling out of the converter output voltage. |

Figure 3 shows a variant of the invention for
three-phase converter circuit arrangements. In this
case, two sets of filters 5, controllers 6 and A/D
converters 7 are provided, which are connected in each
case between two phases of the output of the converter
1 on the AC voltage side.

The invention can be used to reduce the DC
component in a simple way to sUch. an extent that the
transformer 3 no longer exhibits disturbing saturation
phenomena.

Obviously, numerous modifications and
variations of the present invention are possible in the
light of the above teachings. It is therefore to be
understood that within the scope of the appended
claims, the invention may be practiced otherwise than

as specifically described herein.
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1. A device for correcting the DC offset of a
converter, having a DC 1intermediate circuit and a
transformer.on the AC voltage side, power semiconductor
switches of the converter being switched on and off in
accordance with switching commands of a driving
circult, wherein there 1s provided a low-pass filter
having a passive part and an active part, for producing
an output voltage, on the AC wvoltage side, of the
converter to a level which can be processed
electronically, and wherein there 1S connected
downstream of the low-pass filter a controller,
including at least one of a proportional controller, an
integral controller, and a proportional -integral
controller, which 1is connected to the driving circuit
and controls the DC offset essentially to zero by

delaying or shifting the switching commands.

2. The device as claimed in Claim 1, wherein an A/D
converter 18 connected downstream of the controller,
and the A/D converter 1is connected to the driving

circuit wvia optocouplers and optical fibers.

3. The device as claimed in Claim 1, wherein a cut-
off frequency of the low-pass filter 1s substantially
lower than the frequency of the output voltage of the

converter on the AC voltage side.

4, The device as claimed 1in Claim 1, wherein a
control factor of the controller 1s 1in the range of
25-75 .mu.s/V.

5. The device as c¢laimed in Claim 1, wherein a

control factor of the controller is 50 .mu.s/V.
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