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Abstract. This paper presents a practical method for reactive
power sharing among harmonics filters. The proposed method
minimizes the total harmonic distortion of the current. The
current is measured at the incoming bus to which harmonics
filters are connected. The total harmonics distortion and
individual harmonics of the voltage at the bus to which the
harmonic filters are connected and the individual harmonics of
the current measured at the mentioned measurement point are
used as constraints of optimization. The Optimization Toolbox of
MATLAB software is used in this paper. The simulation results
show the efficiency and robustness of the proposed method.
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1. Introduction

Due to non-linear behaviour of loads in power networks,
the utility grid voltage is diverted from its pure sinusoidal
shape at the fundamental frequency, although this signal is
repetitive at the fundamental frequency. Non-linear loads
generate harmonic currents and voltages. Some advanced
techniques such as magnetic flux compensation,
series/shunt active filter systems, and harmonic current
injection are introduced to decrease harmonic problems in
power systems. However, because of their complexity and
high cost, they have not been practical solutions and
cannot compete with passive harmonic filter systems. The
passive harmonic filters are installed in the industry field
and applied to a wide range of applications.

The passive harmonic filters have a low cost, simple
design and reliable operation. Therefore, they have been
widely used for harmonics mitigation in power systems [1-
3]. The single-tuned filters are the most commonly used
passive filters. In comparison with other methods, these
filters are simple and the least expensive one [4-6]. The
LC series filter is the most common and inexpensive type
of passive filters. This filter is connected in shunt with the
main distribution networks and should have low
impedance to a tuned particular harmonic frequency.
Therefore, the harmonic currents flow through the filter
which has the least impedance path. Selecting the
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appropriate value for capacitor is one of the most
essential steps for designing single tuned filters to result
in appropriate power factor correction at fundamental
frequency. Figure 1 shows the circuit diagram of
different types of passive filters.

The first step of designing a harmonics filter is the
determination of the reactive power that it should
generate at network nominal frequency. The impedance-
frequency of harmonics filters depends on their reactive
power capacity. Therefore, the reactive power sharing
among passive harmonics filters is one of the most
important issues in designing procedures.

According to the IEEE filter design procedure [7]
depicted in Figure 2, the capacitor voltage and capacity
and the reactor impedance are needed as predetermined
values. Therefore, it can be time consuming to reach to
acceptable values if the initial values of the mentioned
parameters have not been estimated appropriately. Thus,
this algorithm needs expert persons to choose initial
values for design parameters. The PC-based computer
programs can be considered as a useful tool for designing
harmonic filters and harmonic analysis [8].

C-Type High Pass High Pass Single Tuned
Fig. 1. Different types of first order of passive filters

This paper presents a practical method for the
determination of the reactive power sharing among the
single tuned filters. This method is based on the
optimization using the impedance of single tuned
harmonic filters and network parameters. Hence, it
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guarantees the appropriate power factor correction and
harmonic current elimination. Moreover, considering the
capacitor voltage and capacity and the reactor impedance
as design parameters, there is no need for a trial-and-error
approach. This paper is organized as follows: the proposed
method is discussed in the next section. The simulation
results and discussion are presented and drawn in section 3
and conclusions are presented in the last section.
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Fig. 2. IEEE harmonic filter design procedure

2. Proposed Method

Different methods for reactive power sharing among
harmonics filters have different impedance-frequency
characteristics for the bus to which the filters are
connected. The impedance-frequency characteristic is the
most important concept in harmonics filter design.

As shown in Figure 3, the generated the harmonics by
harmonic source have two general paths: toward upstream
network and harmonic filters. The best operation of
harmonic filters can be achieved when the minimum value
of generated harmonics flows toward upstream network. In
other words, harmonic filters should absorb the maximum
values of generated harmonics.

The proposed method minimizes the current total
harmonic distortion. The measurement point of the current
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is shown in Figure 3. Firstly, the equations of the
impedance of the single tuned harmonic filters should be
calculated in terms of input parameters [9]. For instance,
this equation for a single tuned harmonic filter is, as
follows:
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where:

R: Resistance of single tuned filter

L: Reactance of single tuned filter

C: Capacitance of single tuned filter

f: Fundamental frequency

n: Tuning frequency

V: Bus voltage

Q: Reactive power of single tuned filter
Qs Quality factor of single tuned filter
fs: Series resonance frequency

In order to prevent from using a trial-and-error approach,
tuning frequency and quality factor are considered as
design parameters. Furthermore, using PC-based
computer program for the optimization of the total
harmonic distortion at the mentioned point results in
accurate and robust results.

The current and the voltage total harmonic distortion are
considered as follows:
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where, THD, and THDy, are current and the voltage total
harmonic distortion, respectively and Iy is the k™ order
current harmonic rms value as well as Vi is the k™ order
voltage harmonic rms value. Also, I; and V; are the
current and voltage values rms at the fundamental
frequency, respectively. Then, the current total harmonic
distortion is minimized by using the Optimization
Toolbox of MATLAB software subject to:

d ZQI = Qrotal

e THDy < allowable value
e HDy < allowable value
e HD, < allowable value
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where, Qo1 and Q; are the total reactive power of
harmonics filters and reactive power of each harmonic
filters, respectively. Also, HDy and HD, are the individual
harmonic distortion for the measured voltage and current
signals. The allowable values also can be determined
according to standards or recommendations of expert
engineers. Due to using harmonic load flow based on the
impedance value of each harmonic filter (expressed in
terms of its reactive power generation and given network
parameters) the output of the optimization program is the
contribution of each harmonic filter in producing the total
reactive power.

The proposed method not only minimizes the injected total
harmonic distortion to upstream network, but also
considers the acceptable range of the individual harmonics
distortion of the measured current and voltage. It also
reduces the probability of the parallel resonance by
checking the range of the total and individual harmonic
distortion which should be in allowable ranges.

To Upstream
Network

Voltage Current
Measurement - Measurement
point \ _— Point

AN
\.
T T TT
— Harmonic
Harmonic Filters Source

Fig. 3. Current and voltage measurement point
3. Simulation Results

Figure 4 shows the test network. The network has four
filters for 1%, 2™, 3" and 4™ harmonics. The total reactive
power of harmonic filters is 120 MVAR and they are
connected to the 33 kV bus. The voltage and current are
measured at this bus and the secondary side of the
transformer, respectively. The harmonic orders generated
by harmonic source are listed in Table I.

Network

230 kv
SCC = 8923 MVA

230/33 kV
120 MVA
11.8%

Harmonic 2™ Harmonic 3 Harmonic 4" Harmonic 5" Harmonic
Source Filter Filter Filter Filter

Fig. 4. Test network

https://doi.org/10.24084/repqj12.314

Table I. Generated Harmonic Values

HARMONIC | CURRENT | HARMONIC | CURRENT
ORDER (A) ORDER (A)
1 2000 9 66
2 148 10 12
3 370 11 36
4 72 12 7
5 200 13 23
6 35 15 23
7 100 17 15
8 22 19 13

The fundamental frequency of the test network is equal to
50 Hz. The network is simulated by using the MATLAB
software. The single tuned filters and harmonic source
have been modelled as fix impedance and current source,
respectively in order to minimize the injected total
harmonic distortion to upstream network. This program
has been run based on the proposed method expressed in
previous section. Considering the contribution of the
reactive power of each harmonic filter, the design
parameters are calculated by this program. Table Il gives
the simulation results for the shared reactive power
among harmonic filters and their specifications. Table 11
gives the simulation results of different current and
voltage harmonics at the measuring points based on
harmonic load flow. Table IV lists the IEEE Standard
1519 [10] values for limits of voltage and current
harmonics. Comparing the standard values and the
simulation results, it can be said that the voltage and
current total harmonic distortions as well as individual
harmonic distortions are less than the allowable values.
By using the proposed optimization, not only the injected
total harmonic distortion to upstream network not only is
in permissible range, but also it has been minimized.

Table Il. Specification of Harmonic Filters

FILTER ORDER 2 3 4 5
REACTIVE POWER (MVAR) | 45 45 15 15
TUNING FREQUENCY (Hz) 97 | 1455 | 194 2475
CAPACITANCE (uF) 94.48 | 116 | 40.93 | 41.98
INDUCTANCE (mH) 27.87 | 10.31 | 16.44 10.26
QUALITY FACTOR 30 100 100 200
Table I1l. Current and Voltage Harmonics
HARMONIC CURRENT VOLTAGE
ORDER HARMONICS (%) | HARMONICS (%)
THD 4.98 3.62
2 2.83 0.72
3 2.69 1.03
4 0.71 0.36
5 1.15 0.74
6 0.56 0.43
7 1.9 1.7
8 0.47 0.48
9 14 1.61
10 0.26 0.33
11 0.82 1.15
12 0.16 0.25
13 0.51 0.85
15 0.49 0.36
17 0.35 0.74
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Table IV. IEEE Standard Limits for Current and Voltage

Harmonics
INDIVIDUAL HARMONIC THD
DISTORTION (%) (%)
CURRENT h<411 11§2<17 5
VOLTAGE 3 5

The impedance-frequency characteristic of harmonic
filters and the harmonic amplification at the 33 kV bus are
shown in Figure 5 and Figure 6, respectively. Figure 5
indicates that each filter has minimum impedance value at
its resonance frequency. According to Figure 6, the
parallel resonance frequencies and harmonic amplification
frequencies are far from operating frequencies of harmonic
filters. Therefore, the probability of the parallel resonance
has been minimized by optimizing the injected total
harmonic distortion to upstream network.
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Fig. 5. Impedance-frequency characteristic of harmonic filters
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4. Conclusion

A practical method for reactive power sharing among
passive filters has been proposed in this paper. This
method minimizes the total harmonic distortion of the
current measured at the incoming of the bus to which
filters have been connected. The optimization has
constraints for reliable operation of filters. This method
not only corrects the power factor appropriately, but also
decreases the probability of the parallel resonance by
checking the range of the total and individual harmonic
distortion which should be in allowable ranges. The
simulation results confirm the effectiveness of the
proposed method.
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