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ABSTRACT: In this paper the authors proposed a control algorithm for single phase active power filter to work under
non stiff source. The method proposed compensate non linear load by improving the power factor to the desired value
and also eliminate the harmonics under distorted Source voltage and source currents. A detailed synchronization
circuit is presented for proper sequence of operation of the shunt active power filter. The active power filter
(compensator) is realized using a single-phase voltage source inverter operated in a PWM hysteresis current control
mode. The method is validated through simulation results using MATLAB. The results have been shown with ideal and
practical compensator with an emphasis on dynamic performance.

Keywords: Load compensation, Active power filter, non stiff voltage source, harmonic current and voltage distortion.

I. INTRODUCTION

In the last few decades, the revolution of using power electronics devises increased enormously. The wide use of
power electronics based loads causes power pollution severely effecting in distribution systems. As such clean power
supply has challenge for power engineers. Active power filters have been developed to solve such problems [1-3].

One of the main constituent of active power filter (APF) is the voltage source inverter (VSI). The shunt connected
custom power device called the distribution static compensator (DSTATCOM), injects currents at the point of common
coupling (PCC) so that harmonic filtering, power factor correction [4], and load balancing can be achieved. The
DSTATCOM consists of a current controlled voltage source inverter which injects currents at the PCC through the
interface inductor. The operation of VSI is supported by a dc storage capacitor with proper dc voltage across the VSI
[5]-

Control methods of the active power filter are based on instantaneous deviation of compensating commands in the
form of either voltage of current signal from distorted and harmonic polluted voltage or current signals [6]. Since the
algorithm aims to compensate the total instantaneous reactive power of the load as the supply voltage and current are
distorted even after compensation. The instantaneous value of reference filter current is computed using the locally
measurable qualities such as load current, voltage at point of common coupling, capacitor voltage ect [7]. Various
algorithms have been proposed in literature to compute the reference filter currents for single phase shunt active power
filters [8]. But these methods failed to work if the distribution system is non stiff because of the finite impedance
offered by the feeder and distribution transformer ect. Because of this the operation of shunt active power filter is
difficult [9].

In this paper, the authors proposed a new control algorithm foe single phase shunt active power filter [10]. The
method is extended to compensate the non linear load current under distorted ac source voltage and currents. A detailed
account of the generation of the filter currents and results after compensation are presented using MATLAB.

Il. EXTRACTION OF REFERENCE COMPENSATOR CURRENT

Consider a single-phase circuit shown in Fig. 1(a) & (b) compensated ideal and single phase non stiff source. The
input side impedance of the distribution system is the combination of inductance and resistance representing the source
is non stiff. The shunt active power filter is represented by voltage source inverter (SVI) supported by DC storage
capacitor. The VSI is connected to the feeder through interface inductance. The non linear load consisting of R-L and
full bridge rectifier
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A. Generation of Reference filter current

Case 1: Desired source power factor at non-linear load current considering Source Voltage
Distorted

—> PCC
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Fig. 1 (a) Single-phase compensated system with ideal compensator (b)

When current is distorted due to non linear load, because of the non linear voltage drop produced by this distorted
currents in the source impedance, the voltage at PCC is also distorted. The expression for voltage and current are given

by,
v, (1) =V, +V,  sin(ot+¢,)+V, ,sin Qot+e,,)+V, ;sin Bot+¢,;) +

. 1)
AV sin(not+e,,)+...
v, (t) =Vvdc + i isin(nwt+¢) )
n=13,5 7T
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A sin(not+o, ) +... ©
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n=1,35 1177
In (1) and (2), subscript‘s” and ‘I’ stand for supply and load respectively. Subscripts ‘mn’ stands for peak value of n™

harmonic and ¢,; in general stands for phase angle of n™ harmonic component in current. It can be proved that average

real power drawn by non-linear load depends upon the voltage and the fundamental component of the load current. The
harmonic components of the load current do not contribute to the real power. The instantaneous power is given by,

p(t) = v, ()i, (t)cos ¢, ®)
The average real power (Pn,) can be computed using moving average filter with a settling time of one cycle as
following.

1o V|
Pav =T J' v, ()i, (t) dt =%m'1003go,1 (6)
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In (5), t; isany arbitrary instant and T is the time period of the voltage and current waveform. For 50 Hz ac system, the

time period T is 20 ms. If the load current contains only odd harmonic, the averaging time of (5) will be T/2, which is
10 ms. Once we know the average real power of the load, we shall find the reference source current from the source.

Let a power factor of COS ¢, be desired from the source, then following equation is satisfied.
Vs Is COS¢S = I:)Iavg (7)
In(5), V, and | : are rms values of supply voltage and the load current respectively. The (7) implies that,

2 I:)Iavg
m = ®)
Vms cos ¢s

Assuming that timing information of supply voltage is available, the reference source current in time domain is given
by,

i, (1) =1,, sin(ot-9,) ©
Based on (7), the reference current for the compensator as shown in Fig. 1(b) is computed as follows.
HOEITORING (10)

For unity factor operation, COS ¢, is substituted as 1 in (6).

Case 1: To remove only harmonic components of load current

In some applications, it is desired that only harmonics components in load current should be eliminated and only
fundamental component should come from supply (utility) without any shift in phase angle. To make this type of
compensation, it is necessary to know the magnitude and phase angle of the fundamental component of the load
current. This is achieved with the help of Fourier transform and its averaging over a complete cycle as illustrated
below.

a+T

C,= j i, (t)e I 2t (1)

I
o

Simplifying (8) results in (9) given below.

|
Co=—1r4¢ (12)
2
As evident from (10), C,; is a complex quantity. If the load current contains only odd harmonics then averaging over

half cycle only is required. This improves the dynamic performance of the compensator and the settling of source
current for any disturbance in the load current is within half a cycle. If we have synchronization signal to supply
voltage, it is possible to re-construct the fundamental component of the load current.

iy (t) = 2|Ci1|3in(a)t +£Cy) (13)
where, || and Z- are the magnitude and the angle of complex quantity C, respectively. This fundamental

component of the load current is to be supplied from the source. The rest of the harmonic components of load current
are to be injected from the compensator. Therefore we have,
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i () =i, (t)—i; () =i, () =i, () (14)

Both of above schemes require the synchronization with the supply voltage and don’t depend on the shape of the
supply voltage. Thus the two methods can also be extended to distorted supply voltage provided synchronization
information is correct. However when the voltage is distorted, the phase angle between fundamentals of voltage and
current is important.

Il.  SIMULATION RESULTS

In the Section II, we have assumed an ideal compensator operation as shown in Fig. 1(a) In this figure, an ideal
compensator is represented by an ideal current source (i: ). An actual compensator is comprised of full bridge voltage

source inverter and a dc storage capacitor. This is shown in Fig. 1(b). The compensator is connected to load at PCC
through interface inductor (Ly). The interface inductor includes the leakage inductance of transformer. The resistance R¢
models the losses in the inverter. Each IGBT switch in the inverter has an anti-parallel diode to allow the current in
both the direction.

The reference source current (i: ) is extracted using (1) - (14). The reference compensator current ( i: ) is computed

using (9). To realize reference compensator current, the single-phase, full-bridge voltage source inverter is operated in
current control in a pre-defined hysteresis band. Thus, the diagonal switches pairs (S;-S,) and (S3-S,) are operated in
complimentary mode in such a way so as to track the reference compensator current. Furthermore the compensator has
switching losses, therefore dc capacitor must be charged from supply to maintain its voltage near to the reference value.

Thus the source must also supply the losses ( P, ) in the inverter in addition to the average load power. The term P,
is generated by monitoring the dc capacitor average voltage. The average voltage of dc capacitor is held constant if the

average value of dc capacitor current over a cycle is zero. The voltage and current relationship for capacitor is given
below.

1 .
Vdc = C_dc I lac (t) dt (15)

From (15), it is clear that any deviation of Vg from its reference value V. (¢ at same point of each cycle gives a good
indication of the deviation of the average value of capacitor current ig. from zero. We can choose a proportional-plus-

integral control (PI) controller to generate P, term.

Poss = K&, + K, Ievdt (16)

where €, =V 2 =V . V) being the value of dc capacitor voltage at same point p of each cycle. This point p in a

cycle can be every positive zero crossing of the voltage waveform. The term P, is incorporated in extraction of

0SS

compensator reference current by changing F’Iavg by P, + P in all above equations, wherever term P, is

avg loss avg
encountered.
TABLE |
PARAMETERS FOR SIMULATION IN A SINGLE PHASE SHUNT ACTIVE POWER FILTER

System parameters Value

Source voltage 310V (peak) distorted

System frequency 50 Hz

DC capacitors 2200 micro farads

Inter face inductors 0.01 H (Iron core)
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Inter face resistance 10 Ohms

PI controller gain Kp=10, Ki= 1

Reference voltage 600 V

load parameters Za=25 ohms (R &L)

Non linear load Diode rectifier with R= 600ohms, L= 0.1 H

A. Power factor angle considered as Zero:
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Fig.2. Source voltage

Load curent

Fig.3. Load or Source current before compensation

Reference Filter current
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Fig.4. Reference Filter current
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Actual fter curtent

Fig.5.Actual Filter current

source voltage and source curtent before compensation with pf angle 0 degree
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Fig.7 Source voltage and source current after compensation
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B. Power factor angle considered as 45 degrees:
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Fig.10. Actual filter current
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Fig.11 Source voltage and current after compensation
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From the above waveforms the power factor angle is explicitly set to desire one. Initially considered as power as
zero angle, waveforms are showing in Fig 2 to 7. From Fig.3 it’s showing that before compensation load current
and source current both are same, disturbed because of finite source impedance. In fig4-5 showing that reference
and actual filter currents. The reference filter currents are generated using the theory proposed by authors
successfully and the power factor is set to desired value. In fig 7 the source voltage and current are in balance,
source current is following with source voltage with desired power factor. In fig 7 source current has some notches
this is because of bridge rectifier non linear load. From fig 7-11 power factor angle has set to 45 degrees, the wave
forms are generated considering with similar properties. The variation of waveforms in reference and actual filter
currents are clearly observed with desired power factor, the waveforms are shifted 45 degrees in actual and
reference filter currents. In fig 11 also showing that power factor angle, in the same waveforms source voltage and
current are balanced. Source current has some notches due rectifier non linear load.

IV. CONCLUSION

The control algorithm for a single phase shunt active power filter is presented. The method proposed works
effectively for both harmonics and load balancing under stiff source and distorted source voltages, currents. The
source currents are distorted due to finite impedance of source and distribution transformers. After compensation
the source voltage and current are in phase with desired power factor.
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