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ABSTRACT

In this paper a novel control algorithm is implemented for three phase shunt active power filter based on adaptive
hysteresis current controller. Harmonics is the predominant power quality issues which have adverse effect on the
power system. The most of power quality issues in power system is created due to non linear loads. The shunt active
power filter is extensively employed to eliminate harmonic current and reactive power compensation. The
performance of shunt active power filter depends on the control strategy used for the shunt active filter. Hysteresis
Current Controller is widely used due to its simplicity, fast and accurate response and ease in implementation but
this leads to high switching losses and injects high frequency harmonic into the system due to its variable switching
frequency. This paper provide the frame work for adaptive current controller SAPF which overcome the problem
of hysteresis current control scheme. The proposed three phase SAPF is found to be effective which meets IEEE 519
standard recommended on harmonics levels. The simulation results, obtaining using Matlab/Simulink show the
effectiveness of proposed control algorithm of the shunt active power filter.

KEYWORDS: — Harmonics, Voltage Source Inverter, Shunt Active Power Filter, Harmonic Distortion, Hysteresis
Current Control, Adaptive Hysteresis Current Control.

INTRODUCTION

Now a days, Power quality issues are becoming increasingly important to electricity consumers at all levels of
usage. But the power quality has degraded due to sensitive power electronic equipment such as information
technology equipment, power electronics such as variable speed drives, programmable logic controller, energy
efficient lighting, switching power supplies and non-linear loads widely used in industrial, commercial and domestic
applications leading to large amount of harmonic current into the power system. These nonlinear currents flow
through electrical system and the distribution-transmission lines, additional voltage distortion produce due to the
impedance associated with the electrical network. The presence of harmonics in the power system cause greater
power loss in distribution, interference problem in communication system and sometimes causes failure of operation
of electronic equipments which are more and more sensitive because it contains microelectronic controller systems,
which work with very low energy levels. It is noted that non-sinusoidal current results in many problem such as low
power factor, low energy efficiency, electromagnetic interference (EMI), distortion of line voltage etc.

Traditionally passive LC filters were used to compensate harmonic currents because of their low cost and simple
operation. But it suffers from several demerits like fixed compensation, resonance problem, electromagnetic
interference and bulkiness [10]. Due to these problem faced with the passive filters makes their applications limited
and may not be able to meet future requirements of a particular Standard. Due to recent advances in power
electronics makes the use of active power filters (APF) as flexible solution for harmonic current compensation. The
purpose of an active power filter is to generate harmonic currents having the same magnitude and opposite phase
with harmonic current produced by the nonlinear loads and to ensure that the supply current consist of only
fundamental component of current. The active filter topology can be connected in series for compensation of voltage
harmonic and in parallel for compensation of current harmonic. Most of the industrial applications need current
harmonic compensation so the shunt active filter is more popular than series active filter. The shunt active filter has
the ability to balanced the mains current sinusoidal after compensation regardless of whether the load is non linear,
balanced or unbalanced [2].

The shunt APF based on Voltage Source Inverter (VSI) structure is an attractive topology to solve harmonic current
problems. The shunt active filter is a pulse width modulated (PWM) voltage source inverter (VSI) that is connected
in parallel with the load [3]. Here voltage source inverter is chosen in place of current source inverter due to less
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complicated circuit and better filtering of load current [10] . It can be used to compensate unbalanced currents,
current harmonics, and reactive power. The mains current obtained after compensation are sinusoidal and in phase
with the supply voltages [4].

The performance of APF is basically depends on the design of VSI, type of the firing circuit and methods used for
calculating the reference current. There are several control algorithm and performance analysis were implemented
using shunt active filter [5]. but in terms of quick current controllability and easy implementation hysteresis band
current control method has the highest rate among other current control strategy such as sinusoidal PWM. In most
PWM applications the interval between two consecutive switching actions varies constantly within a power
frequency cycle. It means that the switching frequency varies in time with operating point and conditions. In
principle increasing inverter operation frequency helps to get a better compensating waveform. However there are
device limitations and increasing the switching frequency cause increasing switching losses, audible noise and EMF
related problems. The range of the frequencies used is based on a compromise between these two factors [6]. The
control of switching frequency is realized by introducing an adaptive hysteresis band current control algorithm. The
adaptive hysteresis band current controller changes the hysteresis bandwidth as a function of reference compensator
current variation to optimize switching frequency and THD of supply current [3].
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Fig.1: Basic system with nonlinear load and Shunt Active Power Filter [10]
In the active filter design the switching and conduction loss associated with diode and IGBT so it need to maintain
constant DC voltage across the capacitor connected to the inverter. Generally, PI controller is used to control the DC
bus voltage but it requires precise linear mathematical model which is difficult. It also fails to operate satisfactorily
under parameter variations, non-linearity and load disturbances [3]. In this paper an adaptive hysteresis current
controller for D.C voltage control is proposed.

DETERMINING CURRENT COMPENSATION FOR APF MATERIALS AND METHODS
Active power filter compensation strategy requires that the source currents need to be balanced, undistorted, and in
phase with the positive-sequence source voltages. The goals of the shunt APF controls are
(i)Unity source power factor at positive sequence fundamental frequency .
(ii) Minimum average real power consumed or supplied by the APF.
(iii) Neutral current compensation.

To achieve these goals, the desired three-phase source currents must be in phase with the positive-sequence
component of fundamental source voltage [6].
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Fig.2 : Flow chart of control algorithm [2]
Active power filter compensating current are determined by sensing load current, DC bus voltage and peak value
of ac source. The instantaneous value of AC source voltage can be represented as :

Vaa(t) = Vem.sin(wt)
Ven(t) = Vam.sin(wt-120) (1) [1]
Vec(t) = Vsm.Sin(wit+120)
The basic function of the proposed shunt active filter is to eliminate harmonics and compensation of current
unbalance and reactive power of load. The instantaneous power is given by
Pioad(K) = Vsa(K)lia(k) + Vao(K)lin(K) + Vse(K)lie(k) — (2) [1]
The average load power is obtained by passing Pioad(K) to low pass filter.

n
Pavg =% ) Roadto 3 [

In order to compensate harmonics and reactive power of load the average active power of AC source must be equal
to Piavg . The average active power of AC source can be represented as

Ps = 3/2 . Vsm I*smp = Plavg (4) [1]

The first component of AC side current from average power of load is given by

I*smp = 2/3( Piavg / Vsm ) (5) [1]

The desired peak current of AC source can be calculated by DC capacitor voltage regulator where difference
between reference value and actual value is given by

V*eue = Vderet = Vede (6) [1]
This V*¢4c will be given to controller to obtain 1*smg. The desired peak current of AC source can be given as
*sm = I*smp + *smd (7) [1]

The AC source current must be sinusoidal and in phase with source voltage. Therefore the desired current of AC
source can be calculated by multiplying peak source current with unity sinusoidal signal. The unity signal are
obtained as
Ua = Vsa/ Vim
Ub = Vs / Vim (8) [1]
Uc = Vse/ Vem
The desired source current is given as
I*sa = I*sm xUa
I*sb = 1*gxUp (9) [1]

*se = *smxUc
Finally, the reference current of active filter can obtained by subtracting load current from reference source current
as
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*ca = IMsa—lia
I* = 1* - lip (10) [1]
*ee = Fsc - lic

The obtained reference current will be given to switching circuit of adaptive hysteresis current controller for
producing necessary PWM pulse to the voltage source inverter. The voltage source inverter act as a controlled
current source closed loop and produces exact reference current waveform at the output.

AN ADAPTIVE HYSTERESIS CURRENT CONTROLLER

Hysteresis current controller generates required triggering pulses by comparing the error signal with that of
hysteresis band and it is used for controlling the VSI so that output current generated from filter will follow the
reference current waveform. The switches are controlled asynchronously to ramp the current through the inductor up
and down so that it follows the reference current [5]. When the current through the inductor exceeds the upper
hysteresis limit a negative voltage is applied by the inverter to the inductor. This causes the current in the inductor to
decrease. Once the current reaches the lower hysteresis limit a positive voltage is applied by the inverter to the
inductor and this causes the current to increase and the cycle repeats.

The hysteresis current control is easiest method to implement but it produces a varying modulation frequency of
power converter which results in increasing losses. To avoid this problem adaptive hysteresis current controller with
variable hysteresis band is recommended where variable hysteresis band for each phase is defined so that switching
frequency remains almost constant. It consists of hysteresis around reference line current. The difference between
reference line current lef and measured line current I is referred as 6 [1].

6=1- et

The switching logic for phase a is given as follows :

If &> HB, upper switch is OFF (S1 = 0) and lower switch is ON (S4 = 1).

If & <-HB, upper switch is ON (S1 = 1) and lower switch is OFF (S4 = 0).

Similarly, the switching logic for phase b and c can be find. The value of line inductance of shunt active power filter
and capacitor voltage are main parameter for determining the rate of change of line currents. In hysteresis current
control the switching frequency does not remain constant throughout switching operation but varies along with rate
of change of line current.

+0.5Vdc 351 E

el -t2
S4 | _0.5vdc
Fig.3: Current controller switching [1]

The following equation can be written from switching intervals t; and t,

i _ 1oy, —v 1) [1
i~ 105V, 1) (1) [1]
di} 1

il (0.5V4 = V5) (12) [1]
From geometry we can write

did_, _ day _ opp 13) [1
b o h= (13) [1]
dig dig

ity — —tt;= —2HB (14) [1]
t+t = Te = UF (15) [1]
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On adding equation (13) and (14) , we get

dij dig ., 1dig _

dt tl + Itz - fc dt - 0 (16) [1]
Subtracting eq. (14) from (13), we get

di dig di;

#Q - ﬁtz - (t; - tz)% = 4HB (17)[1]

Substituting eq. (12) in (17) , we get
i+ S

Lot + t)— (- )55 = 4HB  (18)[1]

Substituting eq. (12) in (16) and solving we get

dig
(= ) = —0= (19) [1]
fe@GH
Substituting eq. (19) in (18), we get ,
__ 1 0.125Vdc 412 (Vs
HB = ["22% 11— 2 (T4+m ) 1 @O)[Y
Where m = di*y/dt is the slope of command current waveform [1]. From the above eq. hysteresis band can be
calculated.

IMPLEMENTATION OF PROPOSED METHOD

The block diagram of proposed adaptive hysteresis current band is shown in fig.4 using Embedded MATLAB
function. The Adaptive Hysteresis Band value is calculated by using the the block and given to the Shunt Active
Power Filter. By the use of this method variable hysteresis bandwidth is calculated, which leads to reducing
switching frequency variation and losses. Calculated instantaneous value is given to shunt active power filter for
pulse generation block by using MATLAB command h= ‘band’. Results of simulation studies on the performance of
HCC and AHCC are included to demonstrate the effectiveness of using Adaptive Hysteresis Band.

Fig.4: MATLAB embedded function with AHCC[1]

SIMULATION RESULT

This section represents the details of simulation carried out to demonstrate the effectiveness of the proposed control
strategy for three phase shunt active power filter. The test system consist of three phase voltage source and three
phase diode bridge rectifier with resister as a non linear load. The SAPF is connected to test system through an
inductor. The basic parameters used in the test system are Vs = 127V, F = 50Hz, Rs = 1Q, Ls = 0.25mH, L¢ =
2.5mH, reference dc voltage Vcrery = 220V, Cqc = 300uF, switching frequency = 12kHz, Load resistance R, = 50Q.
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Fig.5: SAPF with proposed control algorlthm
The waveform of source voltage and load voItage without shunt active power filter is shown below :

-

Fig.6: source voltage and load volage without shunt active power filter (R,Y,B)

The waveform of source current and load curent without filter i shown below :

Fig.7: source current and load curent without filter(R,Y,B)

The total harmonic distortion (THD) of the distorted line current without filter is 29.12% as shown in fig for phase
R.

Funlamental (50Hz) = 4,426 , THD= 29.12%
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Fig.8: Frequency spectrum of line current without filter(R)
The source current and load current waveform with proposed adaptive hysteresis current control method is shown
below :
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Fig.9: source current and load cufrent(R,Y,B)
The compensating current to be generated by proposed adaptive hysteresis current control method is shown below:

Ifig.lo: compénsating current ("R,Y,B“)
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Fig.11: Frequency spectrum of line current(R) with ahcc

The total harmonic distortion (THD) of distorted line current with proposed method is reduced to 1.02% as
compared to 29.12% without filter for R phase. The result shows the effectiveness of the proposed adaptive
hysteresis current control method for three phase shunt active power filter for reducing line harmonics well below
the IEEE 519 standards.

An adaptive hysteresis current control has fast response and keeps switching frequency nearly constant with good
quality of filtering. The simulation results shows the effectiveness of the proposed adaptive hysteresis control which
reduces harmonic distortion below the IEEE 519 standard.
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CONCLUSION

This paper has presented a adaptive hysteresis current control technique for three phase shunt active power filter.

The shunt active power filter was simulated using MATLAB/SIMULINK and the performance was analyzed in a
sample power system with a source and three phase diode bridge rectifier with resistance as a non linear load. An
adaptive hysteresis control has fast response and keeps switching frequency nearly constant with good quality of
filtering. The simulation results shows the effectiveness of the proposed adaptive hysteresis control which
reduces harmonic distortion below the IEEE 519 standard.
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