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Abstract

The advent of power electronics and computerized equipment in recent decades has brought enhanced efficiency and
improved system but at the same time also created harmonics and waveform distortion to the power system network.
With high harmonic contents psent in the supply network, a higher equipment component failure rate or undesirable
tripping of sensitive device might be experienced. This paper presents a combined system of active and passive filters.
Passive filters have been most commonly usednd the flow of harmonic currents in distribution systems. Their
performance is limited to a few harmonics, and they can introduce resonance in the power sistem.filter
introduces current or voltage components, which cancel the harmonic compafghesnonlinear loads or supply lines,
respectively.
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1. Introduction inverters have been studied and put into practical use
because they have the abilty to overcome the
Harmonic Interference in power system which aredisadvantages caused by passive filters. However the
produced by harmonic producing load such as diode dtifficulties faced with active filters are difficult
thyristor converter or cycloconverters have been seriousonstruction of large rated current source with rapid
problem to solve. Passive filters consisting of a bank @lrrent response and its initial cost and running cost are
tuned LC filters and/ or a high pass filter have beemigh fig 1 shows a combination of active filter and shunt
broadly used to suppress harmonics because of low initiglassive filter, shunt passive filter connected in parallel
cost and high efficiency. But Passkilter suffers with a with load suppresses the harmonic current produced by
major disadvantage that parallel resonance between #he load, whereas the activeltir connected acts as a
source and filter causes amplification of harmonicharmonic isolator between the source and the load
currents on the source side at specific frequencies. Also This paper presents a combined system of active and
these filters fall into series resonance with source so thapassive filter which when connected with power system,
voltage disortion produces excessive harmonic currentspassive filters suppresses the harmonics produced by the

flowing through this filter. load, whereas th active filter improves the filtering

characteristics of passive filter. Many active filter

is ve iL topologies are introduced and many of them are already

(DA — Zﬁ in existence.
I 1] Bamome 2. Active and Passive Filters
Load
@ The simplest method of harmonic filtering is with passive
Series Active Filter filters. They use reactive storage components, namely

capacitors and inductors. Among the more commonly
used passive filters are the shutuned LC filters and the
Fig 1 Combination of series active and shunt passive filteshunt lowpass LC filters. They have some advantages
such as simplicity, reliability, efficigncand cost. Among
With progresses in power electronics devices, activéhe main disadvantages are the resonances introduced
filters consisting of voltage or current source PWMnto the ac supply; the filter effectiveness, which is a

Shunt Passive Filter
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function of the overall system configuration; and the(PS), hysteresis band (HB), and triangular carrier (TC). The
tuning and possible detuning issues. These drawbacks aRS method switches the power transistors of the active
overcome with tle use of active power filters. Most of filter during the transitions of a square waelock of fixed
the active power filter topologies use voltage sourcdrequency: the sampling frequency. The HB method
converters, which have a voltage source at the dc buswitches the transistors when the error exceeds a fixed
usually a capacitor, as an energy storage device. Thizagnitude: the hysteresis band. The TC method
topology, converts a dc voltage into an ac voltage bgompares the output current error with a fixed amplitude
appropriately gating the power semiconductor switchesand fixed triangular wave: th&iangular carrier. Figure 3
Although a single pulse for each half cycle can be applieshows that the HB method is the best for this particular
to synthesize an ac voltage, for most applicationsvaveform and application because it follows more
requiring dynamic performance, pulse width modulationaccurately the current reference of the filter. When
(PWM) sinusoidal waves are required, the TC method has been
PWM techniques applied to altage source inverter demonstrated b be better.
consist of chopping the dc bus voltage to produce an ac
voltage of an arbitrary waveform. There are a large
number of PWM techniques available to synthesizga)
sinusoidal patterns or any arbitrary pattern. With PWM B . S
techniques, the ac dput of the filter can be controlled as (b) k-=f--#c
a current or voltage source device. Figure 2 shows the
way PWM works by means of one of the simplest an()
most common techniques: the triangular carrier
technique. It forces the output voltage over a switching

cyce, defined by the carrier period o, to be e,Sf“a' to Fig. 3 Current waveforms obtained using different

the average amplitude of the_ modglatmg wavg - The modulation techniques for an active power filter(a) PS
resulting voltages for a sinusoidal modulation wave

contain a sinusoidal fundamental componeny;, and method, (b) HB method, (c) TC method.

harmonics of unwanted components. @$e unwanted Depending on the particular application or electrical

components can_be m|n|m|z_ed using a frequency C.""m?[i):roblem to be solved, active power filtersan be
as high as possible, but this depends on the maximun

L2 . I h [ inati
switching frequency of the semiconductors (IGBTs, GTd%n,p emented as s unt pre_, seres typej or a combination
or IGCTS) Or'shunt and series active filters (shusgries type). These

filters can also be combined with passive filters to create
hybrid power filters.
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The modulation strategy shown in Figure 2 uses
triangular carrier, which is one of many strategies applie.
today to control power inverters. Depending on theFig. 4 .Effect of .connection of active filter parallel to
application (machine drives, PWM rectifiers, or activé'@monic producing load

power filters), some modulation strategieare more ) ) ) ) .

suitable than others. The modulation techniques not onI;}\'O” Linear loads like variable speed drives, Uninterrupted
allow controlling the inverters as voltage sources but als§ower supplies and all kind of rectifiers draw a non
as current sources. Figure 3 shows the compensatirﬁjnUSOidal current from the network. Therefore they can
current generated for a shunt active power filter using®® considered to beharmonic current source. Shunt
three different moduation techniques for currersource  Active filters works as a current source which, when
inverters. These three techniques are periodical samplingroPerly designed and controlled, produces harmonic

Variable speed drive orsome  Active fiter - 17" harmenic 2 4%
other harmonic source _19™ harmonic 1.8%
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currents having opposite phase then those harmonid. Series Active Filter
currents produced by non linear loads. When such a
shunt active filer is connected in parallel with a non Series active power filters were introduced to operate
linear load its harmonic currents are compensated andnainly as a voltage regulator ara$ a harmonic isolator
the network is loaded with almost fundamental currentbetween the nonlinear load and the utility system. The
only. seriesconnected filter protects the system from an
Connecting this active filter parallel with the load theinadequate supphvoltage quality. This type of approach
harmonics are compensated and the networkoaded by is especially recommended for compensation of voltage
almost fundamental current only as shown in fig 3. lunbalances andoltage sags from the ac supply and for
should be noted that the output current of active filter low-power applications and represents an economically
has a continuous spectrum of all harmonics due to thattractive alternative to UPS, since no energy storage
accuracy of control system Figure 4 shows the connectiofpattery) is necessary and the overall rating of the

of a shunt active powgfilter components is smaller. The series active filter it§ea
voltage component in series with the supply voltage and
Power System therefore can be regarded as a controlled voltage source,
Vy Lsa E, L, compensating voltage sags and swells on the load side. In
Vb Lsb * many cases, series active filters work as hybrid topologies
Ve e with passive LC firs. If passive LC filters are connected

in parallel to the load, the series active power filter

Nonlinear

Load operates as a harmonic isolator, forcing the load current

-Control Block . . : T
harmonics to circulate mainly through the passive filter

rather than the power distribution systemThe main
E} G | advantage of this scheme is that the rated power of the
- - : — |4 series active filter is a small fraction of the load kVA
,%; Vo ) ’R\T fwv\_.%_ rating, typ!cally 5%. Howevgr, the apparent power rating
- = of the series active power filter may increase in case of
JL#} _!l#jf JH} \ Vi voltage compensatio. Fig 6 shows how the series filter
works to compensate the voltage harmonics on the load

Shunt Active Power Filter side.

Fig 4Connection of Shunt Active Filter /'\V/ W /'\J
The following results show a comparison between PW@_/WV\ _\V_C/+ *

and multilevel converter methodologies. These results o -
have been obtained using a software called PSIM, whic]E"Wer D|str|b}1t|on Ser!es Nonlinear
have been corroborated with real experimi@l results. Quivalent Circuit ﬁfltt':re Sh”,”t Load
The fig 5 compares the current quality obtained with a to P:;ts;\l.-re
shunt active power filter implemented with a PWM Compensate
converter working at 10 kHz switching frequency, and Voltage
with the four stage converter. Both the figures show the Disturbances
load current (a thregphase diode rectifier), the source
current, and the filter current =
e Fig 6Series Filter compensating voltage harmonics
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An interesting combination topology is shown in Fig 6.
The shunt active filter is located at the load side and can
ol I /J| be used to compensate for the load harmonics. On the
0.0 other hand, the series portion is at the source side and
can act as a harmonic blockifiiger. This topology has
been called the Unified Power Quality conditioner. The
series portion compensates for supply voltage harmonics
and voltage unbalances, acts as a harmonic blocking filter,
and damps power system oscillations. The shunt portion
compensates load current harmonics, reactive power,
and load current unbalances. In addition, it regulates the

Fig 5Active Power Filter Waveform (a)PWM Techniquedic link capacitor voltage. The power supplied or absorbed
(b)Multilevel Technique
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by the shunt portion is the power required by the seriesmultilevel inverter has, the better is the quality of voltage
compensator and the power requirgd cover losses. generated because more steps of voltage can be created.
The figure 8 displays ¢hmain components of a fotstage
converter. The figure only shows one of the three phases
of the complete system. As can be seen, the dc power
Non suppl?es of the four co_nverters are isolated,.and the dc
Loads supplies are scaled with levels of voltage in power of
three.
% E The scaling of voltages in power of three allows
having, with only four converters, 81 different levels of
voltage 40 levels of positive values, 40 levels of negative
values, and zero. The converter located at the bottom of
the figure has the igger voltage, and will be called
Master. The rest of the modules will be the Slaves. The

Series Active Power Filter  Shunt Active Power Filter Master works at the lower switching frequency, which is

. o ) . an additional advantage of this topology. With 81 levels
Fig 7.Unified Power Quality Conditioner of voltage, a fowstage converter can follow a simidal

) waveform in a very precise way, as shown in figure 9. It

5. Multilevel Converters can control the load voltage as an AM device (Amplitude

Modulation). The figure 9 shows different levels of

Multi-stage ~converters work more like amplitude 5y ityde, which are obtained through the control of the
modulation rather than pulse modulation, and this factgates of the power transists in each one of the four

makes the outputs of the converter very much cleaner.qqyerters.
This way of operation allows almost perfect currents, and
very good voltage waveforms, eliminatimgost of the

undesirable harmonics and even better. The bridges o
each converter work at a very low switching frequency,
which gives the possibility to work with low speed
semiconductors, and to generate low switching frequency
losses. Thredevel invertes are becoming very popular
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today for most inverter applications, such as machine ,,
drives and power factor compensators. The advantage of {5 [1::
multilevel converters is that they can reduce the al... : - 0
harmonic catent generated by the active filter because Lt

they can produce more levels of voltage than ., ‘ .
conventional converters (more than two levels). This n f'{
feature helps to reduce the harmonics generated by the . T ... . .1 ... .. . ..

filter itself. Another advantage is that they can redubet on ' ' i
voltage or current ratings of the semiconductors and the " o o e o

switching frequency requirements. The more levels thesig.10Voltage modulation in each converter
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Conclusion connected to medium and lowvoltage distribution
systems in shunt, series, or both topologies at the same

After discussing about various types of filters shunt antime.

series their location , behavior and their harmonic

reduction technique, we can infer that in comparison toReferences
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