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The use and selection of filter systems to reduce harmonics is always
tied to finding a suitable compromise between the strengths and
weaknesses of individual methodologies. For this purpose, the principle of intelligent impedance adaptation offers a particularly suitable
approach in addition to classic passive and active filter concepts.

Optimization of voltage quality
through the use of passive harmonic filters
with intelligent impedance adaptation
Network feedback in the form
of harmonics (oscillations at
a multiple of the fundamental frequency) are nowadays
an essential component towards influencing voltage quality. Equipment with non-linear
U-I characteristic curves or
non-stationary operating behavior causes the pickup of a
non-sinusoidal current, which
in turn due to its in-feed against
the existing network impedance
accordingly leads to non-sinusoidal current to correspondingly non-sinusoidal voltage drops
and thus to distortion of the voltage supply. Among others, the
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consequences include the destruction of equipment, the influencing of the correction function
of electrical controls or even the
generation of critical resonances. While transmission of harmonics can be reduced through
suitable means, they cannot
be eliminated completely, however. IEC 61000-2-4, as a leading product standard, offers defined thresholds for maximum
permissible voltage distortion.
Upon exceeding these thresholds, equipment and processes are allowed to be disturbed
without their manufacturers
being made liable, i.e. the

warranty claim is eliminated. In
cases such as these, the customer is required to foot the
costs of repairs and production
downtimes, for example. Hereby, especially in case complete
production processes fail, the
arising costs may quickly add
up to a multiple of what suitable
measures to reduce the original
voltage distortion would have
cost upfront. It is thus the responsibility of the customer to
ensure that the existing voltage
distortions in his network are reduced to a level compliant with
the standard.
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Passive harmonic
filter systems
In order to reduce occurring harmonics, also referred to as “harmonic waves”, to a reasonable
level, in practice several types
of harmonic filters are used,
which are generally divided up
into active and passive systems.
In the case of classic passive
filters, the relevant values for a
series switch from a condenser and an inductor are selected
in such a way that the resulting resonance frequency of the
series resonant circuit corresponds to that of the harmonic
to be filtered. As a result, a low
impedance path is created for
the harmonic flows of the frequency to be filtered, which flow
into the filter instead of back into
the network. The harmonic is
practically “suctioned off”, which
is why we also refer to the suction effect of the filter (Figure 1).
A significant advantage of such
a passive filter is the fact that
it picks up harmonics not only
from the upstream but also the
own network. As a result, not
only is network feedback due
to own, harmonics-producing
equipment reduced, but the effects of already existing voltage distortions are combated
at the transfer point from the
supply network to the own network. Moreover, the broadband
effect of such filter concepts
also enables a reduction of intermediate harmonics and supra-harmonics (harmonics of

Figure 1: Configuration and mode of operation of a passive harmonic filter

higher frequencies). Moreover,
voltage-controlled passive filters
are more economical than other
filter concepts, both in terms of
the initial investment and thanks
to the very low power loss. In
addition, installation of additional measurement transducers,
such as current transformers,
for example, is not required in
case of a passive filter system.
The inevitable switch-off upon
overload is considered a disadvantage with passive filters.
If the level of the harmonics to
be filtered is too high, the relevant harmonic current flowing
into the filter also increases. In
order to prevent damage due
to overload, the filter switches
off beyond a corresponding current value. As a result, damage
is indeed prevented here, but
the previously existing filter effect is disabled, which ultimately
leads the reduced harmonics to
increase again. A further disadvantage of the design of a passive filter is that it often requires
a considerable amount of time
and money. A classic passive

filter concept must always be
adapted to the existing network
conditions. For its installation, a
large number of measured values and network parameters
must be recorded and evaluated in advance in order to design
an individually specified system.
This procedure, which is unavoidable with classic passive
filter systems, prevents the filter
from being deactivated immediately when switched on because
it was incorrectly designed for a
harmonic current that is too low.

Active
current-controlled
harmonic filter
systems
Active current-controlled harmonic filter systems offer an array of advantages that cannot
be fulfilled by their passive counterparts, and yet they also entail some unfavorable aspects.
The fundamental principle of a
current-controlled active filter
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consists of analyzing the harmonic current fed in by the load
(depending upon the order) and
with respect to phasing, feeding in a reverse compensating
current which then cancels the
harmonic current. The harmonic
current thus flows only between
the filter and the load, but no
longer to the network (Figure 2).
Because based on this principle, the filter itself does not absorb any currents, but instead
acts as a current source, the
problem of overload shut-down
demonstrated with passive filter systems does not exist here.
The active current-controlled filter can only feed in one limited
compensating current according to its performance specifications. Should this value of
the existing harmonic current
be exceeded, no filter shutdown occurs, however. Only
the filter effect itself is reduced
with respect to distortions.

Based on the principle of a regulated current source, the losses
of an active current-controlled
filter compared to a passive filter, depending upon their configuration, are up to three or four
times higher. This accordingly
has a negative effect on its operating costs and service life.
There are technical limits even
in the filtering of higher frequencies (supra-harmonics) for an
active current-controlled filter
system. Depending on the manufacturer, it can only be filtered
up to a maximum of the 53rd order.
An active current-controlled filter system can in turn excel in
that it is programmable for an
array of various frequencies and
thus harmonic orders. For filtering the generally most distinct
harmonics of the 5th, 7th and
11th order, the use of passive filters requires three filter circuits
or modules, each individually
tuned to the frequencies 250 Hz,
350 Hz and 550 Hz. An active

current-controlled filter, on the
other hand, is programmed to
feed in compensation currents
for the three frequencies to be
filtered and thus requires the investment in only one instead of
three filter modules.
If not only harmonics generated in the own network and their
repercussions on the upstream
network are to be reduced, but
also interference levels already
present there, the use of an active current-controlled filter is no
longer possible here. As already
explained, only the harmonic
currents on the load side can be
filtered by feeding in the opposite compensation current, so it
is not possible to also affect the
harmonic level on the network
side. In general, the key performance characteristics of passive and active filter methods
can be summarized in the comparison according to Table 1.
Depending on the existing network topology, the combination
of active and passive filters
(so-called hybrid filters) in a cabinet system can be a suitable
solution for filtering low-frequency and high-frequency voltage
distortions that are both load-related and originate from the upstream network (superordinate
network level).

Figure 2:
Configuration and
mode of operation of an
active harmonic filter
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Voltage-controlled
passive filter with
intelligent impedance
adaptation
If one makes a close distinction
between the aforementioned filter methods with their strengths
and weaknesses, there is the
obvious consideration of seeking technical possibilities to create a filter system combining the
strengths of the respective individual systems:
z Low power loss
z No shutdown in case of
overload
z Both networkand load-side filtering
z Filtering of higher
frequency components
(above the 53rd
harmonic)

z Filtering of multiple
frequencies with one
filter module
Moreover, it would be desirable
to be able to design and commission the new filter system
with as little overhead as possible. Here, both the passive
and the active current-controlled
system have their weaknesses.
The passive system involves
the previously-described overhead of individually adapting
in each instance to the existing conditions of the network,
whereas the active current-controlled filter requires not only
programming, depending on
the required filter performance,
but also additional installation of
current transformers. The principle of intelligent impedance control, as used for example in the
patented SOFIA® filter system

(voltage-controlled
harmonic
filter with intelligent adaptation,
the German acronym of which
spells the word “SOFIA”) from
Condensator Dominit GmbH,
offers a suitable approach for
implementing the described requirements in practice (Fig. 3).
This filter concept is essentially based on a classic passive
harmonic filter with the series
connection of a capacitor and
an inductor, so that a fixed defined tuning frequency exists at
which the filter has its lowest impedance and thus the greatest
suction effect on the harmonic
to be filtered. With intelligent impedance control, this technical
basis is now extended such that
the tuning frequency, previously
fixed due to the component constellation, can be switched by

Figure 3:
SOFIA filter system in various
®

designs. From left to right:
SOFIA as a control cabinet system /
®

SOFIA®-HV for high-voltage
applications / SOFIA®-mod as
modular system for easy integration
into control cabinets
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Comparative features

Passive filter

Losses

Low
Shutdown in case of overload

Active
current-controlled filter
High
Not overloadable
(No shutdown)

Yes

Only for the load side

Overloadability
Filter effect for network and
load side
Filtering of higher frequency
components
Filtering of multiple frequencies/orders

Yes
One filter module required
per frequency/order

Maximum up to the 53rd harmonic
One module can be used for
several frequencies/orders at
the same time

Table 1: Performance characteristics of passive and active harmonic filter systems

varying the value of the capacitor connected in series with the
inductor, thereby changing the
tuning frequency according to
the known relationship (Fig. 4).
In the case of the SOFIA® filter
system, there are a total of three

capacitors with different values,
which can be switched on and
off, thus enabling a total of 4 different tuning frequencies.
During filter operation, the system switches accordingly between the values to keep the

filter flow virtually constant over
a wide range. If the level of the
harmonic to be filtered increases, for example, the system automatically switches to a level
with a lower tuning frequency
(Fig. 5).

Figure 4:
Principle of intelligent impedance adaptation:
Depending on the harmonic level,
capacitor stages are switched on and
switched off in series to inductor L0
via the control unit.
The resulting resonance or tuning frequency
of this series resonant circuit varies,
as does its impedance accordingly.
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Requirement
Low power loss
No shutdown in case of overload
Both network- and load-side filtering
Filtering of higher frequency components
Filtering of multiple frequencies with one filter module

Simple design and installation of the filter
system

Passive filter with intelligent
impedance adaptation
Yes
Automatic change of tuning frequency if filter
current is too high
Yes
Yes, thanks to the damped version
A broadband filter effect also reduces adjacent harmonics, but individual filter modules
are required for comprehensive reduction of
individual orders (separate modules for the
5th, 7th and 11th order)
- No comprehensive knowledge of network data required
- No programming required
- No installation of current transformers
required

Impedance of the filter stages in mΩ

Table 2: Features of a passive harmonic filter with intelligent impedance adaptation

Frequency in Hz
Figure 5: Impedance curve of a SOFIA® filter system for the 5th harmonic (250 Hz) with 4 tuning stages. Depending on the
switching of the capacitor stages, the impedance curve and thus the impedance minima shift to lower or higher frequencies.
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Conversely, the tuning frequency is in turn switched back to a
higher level when the harmonic
level drops. The aim is for the
filter system to always consume
more or less its rated current.
Regardless of the network conditions, the rated current of the
filter “purchased” by the customer is actually delivered, regardless of the operating point. In
this respect, there is also comparability with active systems.
Yet not only changed harmonic levels may be taken into account by switching the stages,
but also changes in the network
frequency, along with age- and
temperature-dependent changes in the capacitance values of
the capacitors installed, inevitably shifting the tuning frequency.
Since the filter automatically adjusts to the existing conditions
due to the automatic control, no
prior in-depth knowledge of the
network data is required for design and commissioning in comparison to the passive filter with
fixed tuning frequency. Basically, only the voltage level and network frequency are required to
select the appropriate filter from
the model portfolio. In addition to
filtering the individual harmonic
orders 5, 7 and 11, it is then also
possible to put a damped version into operation with which
a broadband reduction of higher-frequency harmonic components is possible, such as those
caused by clock frequencies or
network resonances. In summary, Table 2 provides a summary
of the prerequisites that a filter

08

system offering the combined
advantages of passive and active filters ought to have with
respect to the principle of the
passive filter with intelligent impedance control.

Conclusion and
outlook
The load of power networks with
overvoltages is constantly increasing, which means that well
into the future, the deployment
of suitable countermeasures will
remain an overriding element towards improving voltage quality.
While harmonics can already be
reduced by deploying suitable
equipment, e.g. when using rectifiers with higher pulse rates,
complete avoidance is not possible. The use of active and passive harmonic filters thus often
remains indispensable in order
to lower the harmonic levels in
one’s own network to an acceptable level or to reduce network
feedback from own non-linear or
non-stationary users and equipment. The choice of a suitable
filter concept is not only bound
by the harmonic content itself
to be reduced, it also needs to
consider economic factors. High
losses of a deployed filter lead
not only to correspondingly high
energy costs but also to exorbitant operating costs for relevant
cooling measures. The design
of a filter system can already
require a considerable amount
of time and money even during

the planning of a complete new
installation. If increasing deterioration of the voltage quality requires the retrofit installation of
a filter system, this is often compounded by space problems.
The introduction of the principle
of the passive harmonic filter
with intelligent impedance adaptation illustrates an opportunity
to combine a wide array of advantages of the classic passive
and active filter concepts without having to accept their weaknesses, such as increased power dissipation or a complicated
or more complex design.
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