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Proper filtering leads to lowest harmonic distortion:

Purifying the electric signal
for the grid

Power electronic converters used in wind turbines are a well-known source of harmonic distortion, which
can cause all types of negative effects, such as overheating, equipment failure, motor losses and network
tripping. Therefore, harmonic current emissions are becoming an increasing area of interest for power
system operators and those responsible for defining international standards. The Switch has been studying
this problem in depth and offers various correction measures to ensure that the wind turbine’s output power

matches the strictest regulations.

Problems with harmonics and key
affecting factors

Ideally, the sinusoidal periodical signal
(50 Hzin Europe or 60 Hzin the US) should be
supplied from a power converter to the grid.
However, electrical signals always contain
some amount of noise. It is convenient to
analyze this noise in the frequency domain
with the help of Fourier transformation. In
accordance with Fourier transformation,
any periodical signal can be represented as
a sum of sinusoidal signals, or harmonics.
Each harmonic can be described by its own
frequency, which is a multiple of a base fre-
guency, along with amplitude and phase.

Generally speaking, all the components in-
volved in energy transmission contribute

to harmonic distortion. Key factors creat-
ing harmonic distortion on the grid side of
the wind power converter are the power
converter itself, the filter, the power trans-
former and finally the actual grid.

The real problem with harmonic distortion
is that it is hard to differentiate which level
of distortion comes from the grid and which
level comes from the power converter.

Power converter harmonics

To answer the demand for high energy ef-
ficiency and a desire for accurate process
control in wind power generation, frequency
converters now represent state-of-the-art
technology in the industry. The shape and
frequency range of the harmonic spectrum

are directly related to the characteristics of
the power converters used in the individual
wind turbines as well as the harmonic filters
selected.

Frequency converters use a pulse-width
modulation (PWM) method to generate the
required current waveform. This method of
control offers the advantages, for instance,
of very good performance, low price, small
dimensions and a low mass. However, the
PWM patterns contain high-frequency
noise, which can be harmful for a load.

If we consider the power converter PWM
pattern spectrum in the frequency domain,
we see a set of harmonics. See Figure 1.
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Base frequency harmonic

Figure 1. Voltage harmonic spectrum

Grid-side
inverter

Wind power converter

Figure 2. Filter effect

The base frequency component is usually
the only one required for the customer. Low-
frequency harmonics of PWM voltages have
very small amplitudes, if there are no inten-
tionally injected low-frequency harmonics
from the control system. Harmonic ampli-
tudes near PWM frequency and higher are
significant, and should be excluded from the
current spectrum. For these reasons, sinu-
soidal filters are used. See Figure 2.

Filters

Although filters are intended to decrease
harmful harmonics, they may also lead to an
increase in harmonic levels. This is because
the filters usually consist of reactive compo-

PWM frequency harmonics

Harmonics

Filter unit

nents (inductors and capacitors) in order to
achieve a good attenuation.

It is well known that the circuits contain-
ing both inductive and capacitive elements
have resonance at certain frequencies. This
resonance has an amplification effect so
that some of the low-amplitude voltage har-
monics, occurring between the base and the
switching frequency, are actually amplified
in the current spectrum.

Sometimes the internal resistance of a fil-
ter may be enough to satisfy the standards
without special measures. When the oppo-
site occurs, damping resistors can be used.

Double PWM frequency harmonics

Grid

Passive damping allows acceptable charac-
teristics to be achieved with the insertion of
a resistor in a series with filter capacitance.
However, this also is characterized by con-
siderable power losses, and the high-fre-
quency attenuation of the filter worsens. In
practice, the selection of the damping resis-
tors is always a tradeoff between the price
and quality.

A filter’s high-frequency performance can
also be improved using an extra inductor
connected in a series with a transformer. In
this case, the filter is more expensive and
generates additional losses.
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current. See Figure 3. This effect gives es-
sential content of the 3rd harmonic in phase
currents, especially in no-load mode, which
is close to the conditions in the early morn-
ing. See Figure 4. It is well known that the
3rd harmonic can be minimized if one of
the windings of a three-phase transformer
is connected in star and another one is con-
nected in delta.

Current harmonics increase losses and cause
more heating in the transformer than the
fundamental frequency harmonic. There-
fore, special measures in the control system
should be taken to make necessary correc-
tions.
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Load

The load, too, contains a set of active and
reactive components that cause dynamic
changes. For one, the load determines the
network harmonic impedance. For another,
the load changes dynamically from year to
year, from winter to summer, from morning
to night. On one hand, the complex struc-
ture of the load is difficult to predict. On the
other hand, load distribution between phas-
es is usually unequal and causes significant
unbalances of phase currents and voltages.
Unbalances, in their turn, also contribute to
the harmonic content. For example, the 3rd
harmonic may appear regardless if one of
the windings of the transformer is connect-
ed in star and the other one is connected in
delta.

Increasing requirements of
international standards

The most highly regarded international
standards today are IEC 61000-3-6, IEEE
512-1992 and the newest German BDEW
standard. In addition, every grid code can
have its own rules.

The IEC standard is stricter than the IEEE
standard with regard to limits on voltage
harmonics, but they are almost identical
when it comes to limits on current harmon-
ics.
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Figure 3. Current distortion effect due to transformer saturation and hysteresis
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Figure 4. Spectra of current distorted in transformer
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h IEC and IEEE standards are widely
the industry, they are fairly old and
newed yet. Germany’s new BDEW
standard, however, is much stricter than
the other two standards. A comparison of
current harmonics limits required by IEC
61800-3 and BDEW standards is presented
in Figure 5. Thus, we can expect that IEC and
IEEE standards will become even stricter in
the future.

It can be stated that a filtering system that
complies with the new BDEW standards is
significantly more expensive, bulky and in-
curs more losses than a filtering system that
complies with the IEC and IEEE standards.

Correction methods for better
electrical signals

The Switch has been working for several
years to determine correction methods for
better electrical signals that will satisfy cur-
rent and future standard requirements.

Sinusoidal filters are required to significant-
ly improve the content of power converter
harmonics. Harmonics that are amplified by
LC filter resonance may be attenuated with
the help of damping resistors. The damping
circuit should be carefully selected in order
to retain the required high-frequency filter
performance. To eliminate transformer har-
monics that are multiples of three, a delta-

star connection can be implemented in the
windings. Low-frequency asymmetry and
unbalances are a very important question.
The main cause of asymmetry may come
from loads. The Switch power converter is
capable of minimizing harmonics distortion
caused by asymmetry effects.

As a result, all of these measures help to
eliminate harmonics to the limits required
to meet the standards and specifications of
customers.
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Figure 5. Comparison of old IEC 61800-3 and new German BDEW standards in respect to current

harmonics limits



