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Abstract - This paper describes the power quality
problems and its solutions in distribution systems.
The quality of electrical power supply is a major
problem of engincering task and the growing
number of electronic-based devices have an impact
on the power supply. In this case, passive filters are
not applicable. Therefore, a new method for Power
Quality using IGBTs and active power filter is
presented which is suitable to compensate rapidly
changing loads and reactive power. It also presents a

brief discussion of the main problems in the
distribution power systems.
Keywords: Power quality.  compensator, reaclive

power. power factor, active filter

I INTRODUCTION

The increased use of non-linear devices cause voltage
distortion 1n the network This leads to malfunctions of
the clectric facilities and to costly interruptions of
production Reactive power appears in every power
system and many loads consume not only active but also
reaciine power

There 1s a strong coupling between reactive power
valance and of a power systemi and the voltages. Today.
many techniques are used to compensate the reactive
power Shunt and series compensation is widely used in
the mdustry. Two possible loads can be discussed in
this point of view The non-linear supply voltage which
uiflucnces the loads behaviour and non-linear loads
which cause voliage distortions in other supply
feedings

The main characteristics of a non-linear supply are the
voltage interruptions. harmonic pre-distortions and
unbalance in the three phase systems. On the other side,
the main characleristics of a non-linear loads arc the
harmonics. fundamental reactive current,
unsynunetrical parts and the stochastic fluctuations
called flicker

In this paper a new method for power factor correction
and harmonic current reduction is proposcd The filter
circuit parameters arc analysed and described. This
{ilter configuration provides an alternative approach to
the existing onc. According to the test results, the
hysteresis control seems to be a more suitable solution
because it guarantecs a stable operation for the whole
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system. The proposed approach can achieve a complete
climination of harmonics.

A power conditioner capable of compensating harmo-
nics and reactive power was presented in [1]. In this
paper harmonic currents of different orders as well as
unbalance and reactive power of fundamental frequence
were discussed using GTO thyristors. An active reactive
power controller and lattice power circuit was also
researched extensively [2] A compensation strategy of
capacitive loads by a voltage source inverter was
investigated in [3]. A switching algorithm of a single-
phasc voltage source power convertion system was
presented for the current waveform regulation [4]

In the past, extensivc research related (0 the power
factor correction and harmonic elimination was carried

out Filter circuits. dvnamic compensation and
conventional capacitors are in usage with some
problems.

The development of power semiconductor technology
such as GTO ., IGBT and reduced price make it
possible to solve power quality problems It improves
the quality of the supply voltage and the network
current

II. POWER QUALITY PROBLEMS

Active filtering: The current flowing from the load into
the network is measured and divided into fundamental
and harmonic components and the current is injected
into the network

Dynamic reactive power compensation: the reactive
power is supplied stepless in both capacitive and
inductive modes into the network

Active load balancing: the positive and negative
sequence current can be injected into the PCC and
ncgative sequence current associated with unbalance
load conditions is then eliminated

Flicker compensation and voltage fluctuation: variation
in the brightness of lighting systems in the 10 Hz
region is called flicker which caused by sudden
stochastic load current peaks which cause voltage drops
at the PCC across the network impedance Voltage
fluctuation can result from switching or variations of
loads




"ELECO'99 INTERNATIONAL CONFERENCE ON ELECTRICAL AND ELECTRONICS ENGINEERING"

Voltage sags and swells: voltage sags and swells are the
most severe power quality problem. They often occur
due to lightning and customer voltage drops below the
nominal value on one or more phases. The interruption
time depends on the mnetwork configuration and
protection

Harmouics: harmonic currents are injected into network
power supply by the non-linear loads As a result.
harmonic voltages which appear across the power
system  impedances are  superimposed on  the
fundamental frequency and thus distort the system
voltage This can lead to malfunctions and disturbances
of the consumers. Traditionally. harmonics can be dealt
with by the use of passive filter may result in parallel
resonances with the network impedance

Voltage unbalance: single-phase loads cause voliage
unbalance in the network

Transients: lightning and switching operations cause
transients in the system. The duration of transients is
rvpically a couple of nanoseconds up to few miliseconds

This paper treats some of the above problems such as
active harmonic filters and dynamic reactive power
compensation

Fig. | represents very important dcfinitions of the
power quality problems

Fig.1 Definitions of power quality
III. CONTROL SYSTEM

The improvement of power quality depends on the
source of the problem which can occur either on the
medimm (supply) or low voltage (consumer) side. The
inverter injects current into the system (PCC) which
compensates for undesirable components of the load
currem. The current. flowing from the load into
network. is measured.  The filter circuit filters out
harmonics (Fig.2). This  circuit can also supply
continuos reactive power

Today. the switching devices are used in the electric
power systcm more often to increase the productivity
and power quality. On the other hand all these devices
produce harmonics. voltage distortion and reduction of

power factor. At present there exist many methods 1o
eliminate or reduce the effccts of the harmonics on the
power systems
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Fig 2 Single line diagram and equivalent circuit of
a power system

Power factor improvement in power systems with non-
sinusoidal supply voltage has been a subject of concern
for a long time As a consequence. various types of
compensators have becn developed to improve the
efficiency of power transmission and distribution to
increase the power factor

A self-commutated voltage source inverter is used
becausc:

- simplc control algorithm is possible

- it generates less current harmonics.

- it can be controlled continuously

- it has an excellent dynamic system
thc device can be used frequently because of the
working reliability and lower price

A typical power system with inverter and loads used for
the study is shown in Fig.3
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Fig 3. System used for the study and analysis
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Fig 4 presents an equivalent circuit with filter and
mains

e Filtr =} Mains—!

- Converter
Fig 4 Single-Phase Full Bridge Inverter-Filter Scheme

At a given node (PCC), the supply system consists of
various voltage sources. current sources, network
impedances and load impedances which are connected

to other nodes. Knowing that the harmonic current / h
and network impedance Z , 1s given. the voltage

distortion can be calculated as

V,=2,1, )
The network impedance Z, is
(2.2,
<, :k (2
ZptZ,

Where Z . is the filter impedance.

A voltage source inverter (VSI) is used to eliminate the
harmonics and increase the power factor in the power
system. At the output of the VSI an inductance L, is

connected to limit the inverter current. To reduce and to
climinate the harmonics in the fundamental current 7_
and in the power network voltage v, a filter is
implemented which contains a filter resistance R, a
capacitor (', and an inductance L. The internal

reactance of the main power system is given by the
inductance L. The VSI consists of two IGBT

switching devices in parallel with one diode. The two
switches (TOP and BOTTOM) are operated in
antiphase so that the current I - flows through the two

branches alternately

Magnitude and phase change between inverter output
desired current i,4 and main network current i: is

given by:

o = fp_d‘, sin(a) f —q)) 3

The actual current value i, is kept with a constant
scanning period of time. If the current reaches one of
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the boundaries. then an inverter switching is required
after the delay time Ty, (Fig.5)

Normally, the main network acts as an ohmic-inductive
consumer and the computation can be performed with a
given supply power P, and a power factor cosg
Then the peak value of the sinusoidal desired current
i 4 can be calculated as

- I 2F,
low = =7 )
n’i—pn
vs cos ¢n,d\') mi»pn
Where m,_,, is the correction factor for the desired

value it is given by:

W= |

The phase correction is defined as:

L.

—s '

¢-? = '.:H'L:‘['\U]I = | —arctan| —
e i \ ol C.

The value of the inductors. the pattern of the switching
functions and the filter characteristics define the
network current. Basically the PWM pattern can be used
for the control of the inverter to generate a desired
output current waveform.

According to the test results the hysteresis control seems
to be a more suitable solution because it guarantees a
stable operation

Fig.5 shows the tracking strategy for the hysteresis
control. The control current is sampled with a tolerance
bandwidth and evaluated in the control unit
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Fig. 5. Principles of the tracking strategy for the two-step-control

As described in [4] a sampling control is used and a
load is applied to the inverter which requires only the
control of the fundamental current for power factor
correction. In this paper, it is shown that the circuit is
capable of correcting not only the power factor of the
fundamentals but also of eliminating the harmonics

To achieve a hysteresis control band width [; the

current. which is controlled. can be calculated from:

I

21 :Zlim-

Q)

The sampling method and switching modes of the
inverters is given in Table 1. A direct switching from
state [ to the state IIT must be avoided The switching
state for the IGBTs are S,,. Stu: Sup and S,,

Table | Scanning method of the inverters

Sap Sbn

IV. ANALYSIS OF THE FILTER CHARAC-
TERISTICS

To avoid the harmonics in the main power current and
supply voltage a filter is designed and applied to a
single VSI as shown in Figd4, The filter resistance
R, s inserted to restrain the oscillation of the capacitor
of the network and inverter inductance. A lower value
of R, gives the best results of the smoothing of the

network current and supply voltage

On the other hand, the filter capacitor (. must be

large enough to absorb the current and voltage ripples.
in order to limit the failure current the following
equation gives:

1,(Ls+1,)
2V,

The resonance frequency of Fig. 4 is:

>(T,+7,)

| [L75,
<— |— 9
f' 271’\ LeiL, (; £

To avoid the resonance frequency. the following
assumption can be made with sampling frequency Is:

fs220f, - (10)
The filter capacitor (', should be

L.+ L
C,zl0——2%
Ly L,

Then. the filter resistance /. can be expressed as:

T - an

[
R.=015— .
F \ ( ; Lo +1L )

The desired valuc occurs in time intervals with a
constant length which is given by:

(12)

s L, Cp

Py

(13)

=20 \;' ( r'__-.- +L J

The control delay time 7, of the switching circuit can
be expressed by:

I, < ——2L 7. (14)

In a power distribution system, the total power
consuruption (active and reactive power) and harmonic
measurements were carried out. Long time analyses
were recorded. The transformer currents and all
conswmer currents were measured simultaneously with
the voltage

The strongest harmonic voltage and current level was
the 3" harmonic With this data, the validity of the
model is proved as in the following lines

The measured values of the main network hi monic
current is fed into the network model and simulate !

Fig. 6, 7 and 8 illustrate significant reduction of the
harmonics before and after the compensation
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Fig 6. Performance of the system

Load harmonic current I, inverter output current Inyy,
main network current I, and main network. voltage U,
alter compensation
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Fig. 7 Harmonic current spectrum without compensation
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Fig 8 Harmeonic current spectrum after compensation
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V. CONCLUSION

In this paper a new method for power factor correction
and harmonic current reduction was proposed The
filter circuit parameters were analysed and described
This filter configuration provides an alternative
approach to the existing one. According to the test
results. the hysteresis control seems to be a more
suitable solution because it guarantees a stable operation
for the whole system. The proposed approach can
achieve a complete elimination of harmonics

Due to the deregulation, the generation. transmission
and distribution will not be in onc hand. Therefore. the
supply quality may become more critical and this
alternative method of controlling harmonics generated
by non-linear loads provides a good solution in the
industry
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