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Abstract:

According to IEEE-519 standard the Total Harmonic Distortion (THD) in a power system must lie within 5%, but as the demand
of power electronic devices is increasing exponentially, the harmonic generation is becoming a serious problem to the power
system. Conventional passive filters may not have satisfactory performance but the auto tuned active filter is a mature technology
to solve this serious problem of harmonic generation, but again if active filter is used alone, it’s power rating and cost will be
very high. Therefore a new approach of combined active and passive filter has been developed. The combination of active filter
and passive filter is called Hybrid Filter. In this paper a hybrid system is used, in which the active filter is used in series and the
passive filter is used in parallel with the line. The system is capable to remove current as well as voltage harmonics. The passive
filter is tuned to eliminate the dominant current harmonics generated by nonlinear load as well as to supply the reactive power as
required by the load, and the active filter improves the compensation characteristics of passive filter as well as eliminates the
voltage harmonics generated due to non ideal source conditions. Synchronous Reference Frame (SRF) is used for the generation
of reference compensating current, a Pl controller is used for dc voltage regulation, and for the generation of gating signals for
the IGBTSs used in active filter, hysteresis band controller is used. The results and efficiency of the system are verified through
MATLAB simulation. The results are found to be quite satisfactory as the proposed system maintains the THD, as per the limits of
IEEE-519 standard.

Keywords: Hybrid filter, Series active filter, Shunt passive filter, Hysteresis band controller, Pl controller, Synchronous
reference frame

1. Introduction

Due to the nonlinear characteristics and switching action of power electronic devices, various power quality issues such as increased
harmonics and reactive power components of current from ac mains, low system efficiency and a poor power factor are created in
power system, which can disturb the other loads connected at the point of common coupling of the distribution network.
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Figure 1: Power System

One solution to this problem is to use passive filter, which is tuned to eliminate a particular harmonic frequency. It may be single
tuned or double tuned [3] as shown in figure 2.
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Figure 2: Single and Double Tuned Passive Filters

Though passive filters are economic and have simple structure, they have the disadvantages of fixed compensation, resonance and
large size [2]. To overcome the shortcomings of passive filters, active filters were developed.
Following figure shows the basic compensation principal of series active filter [1, 9].
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Figure 3: Basic Compensation Principal of Series Active Filter

The series active filter is connected at the source side with a coupling transformer. It acts as a harmonic isolator. It provides very high
impedance at harmonic frequencies and forces the load harmonics to circulate through the passive filter. In this way it prevents the
load harmonics from reaching towards source and thereby improves the source waveforms. Active filter can solve various power
quality issues such as harmonic minimization, reactive power compensation, voltage imbalance, voltage flicker, and power factor
improvement. Even though the active filters are an effective compensation system yet their cost is very high with the high power
rating. This is the major drawback of active filters.

To reduce the power rating and hence the cost of active filters, the hybrid filters [2, 4, 5, 6, 7, 8, 9, 10, 11] have been developed, which
are the combination of active filters and passive filters. Following figure shows the proposed topology of Hybrid Filter.
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Figure 4: Proposed Topology

2. Control Strategy
For proper operation of active filter, an appropriate control strategy is necessary. The control strategy is designed to generate the

gating signals for IGBTSs used in active filter.
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Figure 5: Bl.ock Diagram of Control Strategy

The control strategy is divided into three parts.
1) Generation of reference compensating current.
2) DC voltage regulation.
3) Generation of gating signals.

2.1. Generation of Reference Compensating Current

For the generation of reference compensating current, synchronous reference theory is used, which uses park transformation. It
converts the three phase time domain signals from stationary abc coordinates to rotating dgO coordinates. It reduces the three phase ac
quantities (eg. Ua, Ub, and Uc) into two dc quantities (eg. Ud, Uq). For balanced system the 0 component is zero. The main purpose
of this conversion is that the dc quantities are easier to filter and control.

The d-component of the signal consists of fundamental and harmonics active components, i.e., id = idf + idh. The g-component
consists of fundamental and harmonics reactive components, i.e., iq = igf + igh. The fundamental active and reactive components (idf
and iqf) are separated by low pass filters and subtracted from the complete d and g components respectively to get the harmonics
active and reactive (idh and igh) components. These harmonics components are then transformed back from dq coordinates to abc
coordinates [6].

2.2. DC Voltage Regulation

The PI controller is used for the regulation of dc link capacitor voltage. The input to the PI controller is the difference of desired dc
output voltage (Vdc_ref) and the actual dc output voltage. We can call this difference as an error between actual output and desired
output. The PI controller processes this error and then the error is multiplied by the output of PLL, which is the frequency w, to get the
error in the form of sinusoidal signal [5, 8].
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Figure 6: Generation of Error Signal Using PI Controller

This error is then added to the abc output of inverse park transform. The result is then the reference compensating current.

2.3. Generation of Gating Signals

A hysteresis band controller [9] is used for the generation of gating signals. It compares the actual load current wit the reference
current. When the actual load current crosses the lower boundary of reference current, upper switch is turned on. When the actual load
current crosses the upper boundary of reference current, lower switch is turned on. In this way gating signals are generated for the
active filter switches.
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Figure 8: Generation of Gating Signals

3. Simulation Results
The overall simulation diagram is shown in following figure:
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Figure 9: MATLAB Model for Proposed System
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Figure 10: Subsystem Control Model

The harmonic compensation technique is implemented for a three phase power system, by using a hybrid filter. The source current
waveform and its Total Harmonic Distortion (THD) spectrum, without filter are shown in figure 11(a), and figure 11(b) respectively.
It indicates a THD of 12.20%, and the source voltage waveform and its Total Harmonic Distortion (THD) spectrum, without filter are
shown in figure 11(c), and figure 11(d) respectively. It indicates a THD of 20.99%. The source current waveform and its Total
Harmonic Distortion (THD) spectrum, with hybrid filter are shown in figure 12(a), and figure 12(b) respectively. It indicates a THD of
3.14%, and the source voltage waveform and its Total Harmonic Distortion (THD) spectrum, without filter are shown in figure 12(c),
and figure 12(d) respectively. It indicates a THD of 3.51%. From these figures it is clear that the series hybrid filter reduces the
harmonics to the limits as specified by IEEE-519 standard.
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Figure 11(a): Source Current Waveform in Phase-a Without Filter
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Figure 11(b): THD of Source Current Waveform in Phase-a Without Filter

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 270



www.ijird.com May, 2015 Vol 4 Issue5

o Selected signal: 24 cycles. FFT window (in red). 22 cycles
T T T T T T T
o AR AL AR ARt anhhg ( NE
05F ﬂ| ‘|l| ||I| .ll | |I|| |'Il' r|| 'll'. .'l '!I‘ ||'| “l ,ﬂll'l A |||i |'| ‘| I': 'I': -rl Jl‘ f l‘ |'-||'I ||I|';_
42 Ll||L|}||.J|[||“J|J |‘
H uJ | | ‘|| ||| ’ l‘J TART. .I:r l:,rl L[' ||_I | '||: |1 :‘ ] !|:, Ll.r l'[ .|[|
3 L Ll | 0 '=| lJ b U4 |'.=: l! P00 lI| 'l-|| | |-.'1 || | |
0 0.05 01 0.15 02 025 03 0.3 04
Time (5)
Figure 11(c): Source Voltage Waveform in Phase-a Without Filter
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Figure 11(d): THD Spectrum of Source Voltage Waveform in Phase-a Without Filter
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Figure 12(a): Source Current Waveform in Phase-a With Hybrid Filter

Fundamental (B0Hz) = 2.155 , THD= 3.14%

Mag (5% of Fundamenial)
- (3
i ha (L
T T T
1 I 1

-
T
1

=1

A
T

(1

0 - L 1 L L | 1 I 1 L
(] 2 4 [ ] 10 12 L] 16
Harmanic order

Figure 12(b): THD of Source Current Waveform in Phase-a Without Filter
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Figure 12(c): Source Voltage Waveform in Phase-a With Hybrid Filter
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Figure 12(d): THD Spectrum of Source Voltage Waveform in Phase-a With Hybrid Filter

4. Conclusions

A three phase series hybrid filter involving a series active filter and a shunt passive filter has been proposed here for the compensation
of voltage and current harmonics, which has been simulated by a MATLAB based model. The series hybrid filter has been found
capable of operating satisfactorily. It has reduced the harmonics effectively below 5%, which meets the regulation of IEEE 519

standard
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