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Abstract

The active power filter has been proved to be an effective method to mitigate harmonic currents generated
by nonlinear loads as well as to compensate reactive power. The methods of harmonic current detection play a
crucial part in the performance of active power filter (APF). This paper presents a new control strategy in which
two shunt active power filter configurations are developed in order to define new simple control algorithm which
requires minimum number of current measurements. The effectiveness of the proposed control strategies are
demonstrated through results. The proposed systems are implemented with MATLAB/SIMULINK. The simulation
results are presented for two control strategies and comparison is made among them.
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1. Introduction

The increasing use of solid-state power-convergiqnipment (rectifiers,inverters, cycloconverterayl a
other power electronic-type devices (voltage cdlgrs, motor-speed controllers) on distributiontsyss is causing
utilities to become much more concerned about geltand current harmonic levels[1,2]. The nonlinear
characteristic of the power semiconductors resltserious harmonics and reactive power pollutionpower
system[3.4]. The effective methods for harmonicpsapsion and reactive power compensation are nraterere
needed. The Passive Power Filter (PPF) is a toaditiway for harmonic suppression, which is comgdasfepower
capacitor, power inductance and resistance. PPbédas regarded as the main approach in the fieddcban its
simple architecture, little maintenance and welleleped design. But there are several disadvantegiesing in
PPF:1) filtering characteristic depends on the idamee of the power supply;2) the impedance chaistiteis
deteriorated with the frequency reduce to below ldweest resonance frequency;3) PPF can not filier rion-
characteristic harmonics entirely; 4) it's possibderesult in current resonance. Active power ffdtare used to
eliminate harmonic currents as well as to compengatreactive power [5,6]. Principally, the actipewer filter
operates by detecting harmonic current to utale the amount of the compensating cumeeted for
feeding back to the power system in theosfip direction of the harmonic current[7,8].

In the conventional p-q theory based control apghofr the shunt APF, the compensation current
references are generated based on the measureftoad currents and the current feedback fteershunt APF
output is also required and therefore, minimfour current sensors are desired in a loalhnsystem[9,10].

In this paper, in order to simplify the controtheme for the three phase sunt active power filtarp
types of configurations for are developed baeedsingle current measurement. One contcbemme based on
measurement of load current only, and othertrob scheme based on measurement of sourgentwnly.

2. Proposed control startegies

Basic principle of shunt active power filter is shexdl in Fig.1. Shunt active power filter is mainly
composed of harmonic current detecting circuit emehpensation current generationcircuit and is perebnnected
with thenon-linear load. Its working procedure ssfallowing: firstly the current of the loagd(f) is detected, and its
harmonic component is then calculated by the haicrmnrent detecting circuit. The inverter is cafited to output
the compensation current whose polarities are segewith the harmonic currents. According to theriala for
power line current calculation(t) = i (t)+idt) = i (t)-iLn(t), the fundamental frequency component of powes |
current is left only. If the reactive power compatien is demanded additionally, the only procedoradd is to
compute the reactive power component together thighcalculation of harmonic component. Consequetitly
unity power factor can be realized.

In the conventional p-q theory based control apgnofar the shunt APF, the compensation current
references are generated based on the measurefioad currents and the current feedback fiteershunt APF
output is also required and therefore, minimémor current sensors are desired in a bakknsystem. In
order to simplify the control scheme, two type$ control techniques are developed for shutivac power
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filter based on single current measurement. ©omtrol scheme needs only measurement af marent, and
other control scheme needs only measuremergoofce current.
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Fig. 1 Shuntactive power filter

2.1 Active Power Filter with Load Current Detection

Active power filter with load current detection gnlequires load current, source voltage and camacit
voltage. The control system acts in order to penfan indirect regulation of source currentdiich must be
sinusoidal and in phase with the correspondiimg to neutral voltages. Here indirect ulegion of the
source current is achieved by introducingclased loop control of the “filter flux”, defed as the time
integral of the filter voltage [6]. The blodikagram of shunt active power filter with load @nt measurement is
shown in Fig 2.
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Fig.2 A.P.F with load current detection

The voltage equation for the shunt active poweerfils given as

dic
Vs = Vg + LS (1)
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The integration of equation (1) leads to the follogv‘flux equation”.

(P*F = (PS - Li*c
(2)

Wheree*, is the reference “filter flux” andp, is the actual “source flux". The referenceefilcurrent is
given by

ic"=1" -1, 3
Where | is the measured load current agt it the reference source curregt.is obtained by the equations

iy () = Igy,sin (wt)
igp*(t) = Igysin (wt — 120°) @
is¢"(t) = Igpsin (wt + 120°)

and | is directly measured by current sensors. For lbalhrioad condition two current sensors are used for
measuring load current. Equation (2) is used fteutating reference fluxp’ .. The actual value afy is obtained

by integrating the output filter voltage, whi can be determined on the basis of the dc g®l4 and the
inverter switch states,S &%, &.

.21 AT
Vg = %VC (SB + SBe]? + SBeJ?) (5)

In this way, the non idealities of voltage sourogeirter (switching voltage drop and dead times) are
neglected leading to steady state errors but awpittie use of additional wide bandwidth voltagengchucers to
sense the voltage source inverter output voltape.difference between reference filter flux andiatfilter flux is
given to the PWM controller. PWM controller gertesafiring pulses to control voltage source inver@urrent
controlled voltage source inverter is used to dhj@ compensating current in to the systemrelieve the
supply from harmonic and reactive currents andaeob power quality indices. The shunt active quofilter
with load and filter current measurement puiges to measure load currents and the curredbek from the
shunt active power filter therefore minimum rfoourrent sensors are desired in a balasgsttm. For
unbalanced system six current sensors are requifatthermore, power full microprocessors aexessary for
the online evaluation of the harmonic conteftthe load currents. The shunt active poviker with load
current detection only not requires to measaompensation current and source current thed reference
source current is generated based on reguoladf capacitor voltage by using Pl contmoll&o shunt active
power filter with load current detection is low tasd easy to implement.

2.2 Active Power Filter with Source Current Detection
Active power filter with source current detectiomlyp measures source current, source voltage and
capacitor voltage. The basic compensation princgdlea shunt APF is shown in Figure 3. It is cor&dlto
draw/supply a compensating current Ic from/to thstesm, so that it cancels current harmonics on A€, sand
makes the source current in phase with dberce voltage. The different waveforms are shimwiig 3. Curve
A is the non-linear load current waveform and cu®eis the desired mains current .Curve C shows the
compensating current injected by the activéerfilcontaining all harmonics, to make mamsrent sinusoidal.
The voltage equation for the shunt active powwsrfis given as

di¢
Vs = Vg + LS (6)

The source current for the shunt active powerrfigegiven as
IS = IC + IL (7)

Being the rate of change of the filter current digugigher than that of the load current, equati6ncan be written
as

N
Ve = Vs — Lf (8)

For small variations, the time derivatives candygaced by finite differences and equation (8) lmamvritten as
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VF = VS - —AIS (9)
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Fig 3. A.P.F with source current detection
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Fig 4. Simulink model of shunt APF with load amt detection
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Where Ais represents the instantaneous source cument and it obtained by the equation (10)

Ais = IS* - IS (10)
Wherels is the measured source current &jids the reference source currelgt. is obtained by the equation (10)
and I is directly measured by current sensors. For balhdoad condition two current sensors are used for
measuring source current. The difference betwefemenece source current and actual source curregivés to the
hysteresis controller. Hysteresis controller getesrdiring pulses to control inverter. Current coiied voltage
source converter (VSC) is used to inject a comgérgsaurrent in to the system to relieve the sugpiyn harmonic
and reactive currents and enhance power qualiigésd In shunt active power filter with load ariltief current
measurement the compensation current referencegeasrated based on the measurement of load cuandtthe
current feedback from the shunt APF output is edspired and therefore, minimum four current sesisoe desired
in a balanced system. The shunt active power filiéh source current detection only not requirss measure
compensation current and load current and thereeée source current is generated based on regulafi
capacitor voltage by using PI controller. So shatttve power filter with source current detectisriaw cost and
easy to implement. Implementation of shunt APF Withd current detection is done with Matlab/Simkiland it it

is shown in Fig.4
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This harmonics are eliminated by injecting comp&osacurrents at PCC. The compensation currents are
shown in Fig 6. The compensation currents suppiynbaic currents and reactive power demand of thd.l@ otal
Harmonic Distortion of the Source current is redlde 4.89%. Harmonic spectrum for source curremeraf
compensation is shown in Fig 7. From Fig 8, itasiced that the source current is in phase withramuoltage and
power factor is close to unity. The source curismiose to fundamental sinusoid, showing that loarimcurrent is
eliminated from the source current. From Fig 9isitvery clear that the D.C side capacitor voltaggemains
constant at its value.

Furidamantal (Z0Hz) = 11.24 | THD= 4.E3%
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Fig 9 capacitor voltage

3.2 Shunt APF with Source Current Detection

The system shown in Fig 3 is simulated and resultspresented. The load current containing harrsonic
are eliminated by injecting compensation current®@C. The compensation currents are shown in BigThe
compensation currents supply harmonic currentsraadtive power demand of the load. Harmonic spetctior
source current after compensation is shown in EigThe source current Total Harmonic Distortiomeduced to
3.20%.

The source current waveform is close to fundamesitaisoid, showing that harmonic current is elirtéda
from the source current and also the power fagorlése to unity. The source current is in phasth wburce
voltage and is shown Fig 12. The voltage acros®tleside capacitor is also shown in Fig 13.

Table 1. Comparison of %THD in source current ggliired current sensors

Number of current Number of current

TYPE

%THD for 10A

%THD for 20A

sensors for

balanced load

sensors for

unbalanced load

Without Active
Power Filter
Load current
detection
Source current

28.22

4.89

3.20

29.8

6.9

5.7

detection

4. Conclusion

Control methods of shunt active power filter withnfmum measurement requirements are discussed in
this chapter. One control scheme is based on measmt of load current only and other control schestmsed on
source current only. These Active power filters ased to eliminate harmonic currents as well asoitmpensate
reactive power of the load. The technique is usetthis work is easy to implement, and requires lesmber of
current sensors and transformations.

Shunt active power filter with source curredetection and shunt APF with load current
measurement are investigated and the corrdsmpmesults are compared with each other aisdobserved that
the shunt active power filter with source curremeasurement exhibits superior performance. Sibady state
and dynamic responses of the shunt active powter filith source current measurement is better tha\PF with
load current measurement
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