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Abstract— This paper proposes an active power filter
implemented with a four leg voltage-source inverteto reduce
the harmonics in three phase four wire system. These of a
four-leg voltage-source inverter allows the compeision of
current harmonic components, as well as unbalancedurrent
generated by single- phase non-linear loads. A délied analysis
of DQ (Synchronous Reference Frame) based Current
Reference Generator scheme for extracting referenarrent of
shunt active power filter by using fuzzy logic contoller is
presented. Fuzzy logic technique reduces computatial efforts.
Proposed control scheme offers an efficient methodorf
reduction of total harmonic distortion. Simulation results of
proposed active power filter using fuzzy logic contller has
been carried out in MATLAB/SIMULINK.

Index Terms— Active Power Filter, Current Control, Four-
leg Converters, Fuzzy Controller.

I. INTRODUCTION

The widespread use of non-linear loads is lepdin a
variety of undesirable phenomena in the operatfomoaver
systems. The harmonic components in current anthgel
waveforms are the most important among these. Cuiore
ally, passive filters have been used to eliminate durrent
harmonics. However, they introduce resonance irptwer
system and tend to be bulky. So active power lin
conditioners have become more popular than pagiiees
as it compensates the harmonics and reactive pow
simultaneously. The active power filter topology dag
connected in series or shunt and combinations . [Rhunt
active filter is more popular than series activefilbecause
most of the industrial applications require curreatmonic
compensation. Different types of active filters haeen
proposed to increase the electric system quality;
generalized block diagram of active power filtepliesented
in Fig 1. The classification is based on followingeria. -
Power rating and speed of response required in ensgted
system. - System parameters to be compensatedergnt
harmonics, power factor voltage harmonics). - Téphm
used for estimating the reference current/volta@errent
controlled voltage source inverters can be utiliaétth an
appropriate control strategy to perform an actikierfi
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functionality. One of the most common problems when
connecting small renewable energy systems to thetrad
grid concerns the interface unit between the poseerces
and the grid, because it can inject harmonic coraptanthat
may deteriorate the power quality [1], [2]. Howevéne
extensive use of power electronics based equipraadt
non-linear loads at PCC generate harmonic currevigh
may deteriorate the quality power. In [3] an ineerperates
as active inductor at a certain frequency to abstub
harmonic current. A similar approach in which arghactive
filter acts as active conductance to damp out thedwaics in
the distribution network is proposed in [4],[5].

[I. FOURLEG CONVERTERMODEL

The proposed system consist of RES connecteletalc
link of grid interfacing inverter as shown in FigVBl
interfaces RES to the grid and delivers generataeep. The
RES may be DC source or an AC source with rectifier
connected to DC link.
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Fig. 1 Schematic diagram of renewable based digat
generation system.

Power generated from these RES needs power camdiio
before connecting on dc-link [6]-[8].
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, respect to the load as shown:
Four-Leg Inverier
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The four-leg PWM converter topology is shown in Big
This converter topology is similar to the convengsibthree
phase converter with the fourth leg connected ¢éabutral —
bus of the system. The voltage in any leg x ofdbweverter,
measured from the negative point of the dc-volt@dje can
be expressed in terms of switching terms as follJows

ws

SRF-PLL Sin (uwt)

Cos (wt)

Fig. 3 dg-based current reference generator blaakam

where the value oTHD,,, includes the maximum com-

pensable harmonic current, defined as double th@lsam
. ] ) . frequencyf. .The frequency of the maximum current har-
The .mathemaucgl m_odell of the filter derived frorigglent  \5nic component that can be compensated is equaheo
circuit as shown in Fig 1 is, half of the converter switching frequency. The dpéd
scheme operates in a rotating reference frame [I4]-
=L (2) therefore, the measured currents must be multiplettie sin
(wt) and cos ¢t) signals. By using dg-transformation, the d
Where, Req and Leq are the VS| output parametgn®esed cyrrent component is synchronized with the corrading
as Thevenin impedances at the converter Outputiﬂafm phase_to_ neutral System Vo|tage’ and the q current
Ze; .Therefore, the Thevenin equivalent impedance somponent is phase- shifted by 90 degree. Thesgjnand
determined by a series connection of the rippleerfilt cos t) synchronized reference signals are obtained fom
impedanceZ- and a parallel arrangement between the systesgnchronous reference frame (SRF) PLL. The SRF-PLL
equivalent impedanc®, and the load impedance. generates a pure sinusoidal waveform even whesyttem
voltage is severely distorted. Tracking errorseliminated,
, -3, o 3) since SRF-PLLs are designed to avoid phase voltage
CEE peszm T unbalancing, harmonics (i.e., less than 5 and 3ditmand
seventh, respectively), and offset caused by thdimear
For this model, it is assumed tk®t>7,, that the resistive load conditions and measurement errors. Equatipah@ws
part of the system’s equivalent impedance is négteand the relationship between the real currenfs(t) and the
that the series reactance is in the range of 3-@ftept p.u., associated dg components.
which is an acceptable approximation of the reatesp.

V. =8, -5V, X=U,V, W, n (1)

Fu
[l =

— > B
= Vo — flzplp— Lggp

=

P

Finally, in Equation (32, = A andl., = L, + L¢ _ 1 -05 -0§/i
iy | \F sincd  cosd iL“
lll. CURRENTREFERENCEGENERATION iq 3 y s |0 @ i’) iLv (5)
2 2 Jhw

A dg-based current reference generator schei@4dis
used to obtain the active power filter current rerfiee signals. | i he d fthe
This scheme presents a fast and accurate sigredirtga A low-pass filter (LFP) extracts the dc component

capability. This characteristic avoids voltage fliations that phase currents id .to generate the harmonic referenmpo-
deteriorate the current reference signal affectinBentS:f the reactive reference components of the phase-

compensation performance. The current referencelsigre  CUrrents are obtained by phase-shifting the cooredipg ac
obtained from the corresponding load currents asvehin and dc components ¢t by150 . In order to keep the
Fig 3. This module calculates the reference signatents dc-voltage constant, the amplitude of the convedtarence
required by the converter to compensate reactiveepo current must be modified by adding an active poefarence
current harmonic, and current imbalance. signal i.e. with the d-component. The resultinghaigi;; and
The displacement power factor and maximum totaioaic i; are transformed back to a three-phase systemlyiag
distortion of the load defines the relationship BEW the inverse park &Clark transformation. The cutoff
apparent powers required by the active power filtéth  frequency of the LPF used in this paper is 20 He Gurrent
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that flows through the neutral of the load is conga¢ed by and rate of error signak. The structure and determination of

injecting the same instantaneous value obtainenh floe rule base is using trial and error method. All tfaiable

phase-currents, phase-shifted 1% as shown in equation fuzzy subsets for the inpatandAe are defined as (NB, NM,

7. NS, Z, PS, PM, PB). The membership functions are
illustrated in Fig 5, 6 and 7. The fuzzy controlerus
illustrated in Table 1.

1

— 1 0
iy 5 \/15 L 3 1 0 0 i (6) i
i |2l 7= —= —= ||0 sinat -cosu ||ig
B 3(J2 2 2 . b
low 0 coswt  sint ||i,

11 V3

2 2 2] ——————

Fig.5 Input membership functien

fon = — (fpa it in) ) (7

One of the major advantage of dq based currentenede
generation scheme is that allow the implementatbra
linear controller in a dc voltage control loop. Gngortant
disad- vantage of the dgq based current referenamefr . . d .
algorithm used to generate current reference i sbeond
order harmonic is generated under unbalanced adpgrat
conditions. The dc voltage converter is controlleg
traditional fuzzy controller [20]. This is an imgant issue in
the evaluation, since the cost function is desigmdg only \
current reference in order to avoid the weighingdes. The N
weighing factors are obtained experimentally anelythre
not well defined when different operating conditioaise
required. Additionally the slow dynamic response toé
voltage across electrolytic capacitor does not caffine
transient response. For this reason the fuzzy clbetr )
represents a simple and effective alternative fovaltage TABLE I: IF-THEN rules for fuzzy logic controller
control.

Fig.6 Input membership functiake

Fig.7 Output membership function

JAYS

€ | NB NM | NS | ZE PS | PM | PB
NB | NB NB | NB | NB | NM | NS |ZE

The disadvantage of PI controller is its indpito reactto | NM | NB NB |NM | NM | NS | ZE | PS
abrupt changes in the error sigaddecause it is only capable | N5 | NB NMINS Ins Tz Tps | Pm
of determining the instantaneous value of erranaigvithout
considering the change of rise and fall of errat thAs. The ZE NB NM | NS | ZE PS |PM | PM

IV. FUZZY CONTROLLER

fuzzy logic control [18]-[20] is shown in Fig 4. PS NM NS | ZE PS |PS |PM | PB
___________________________ e PM NS |ZE |PS |PM |PM | PB | PB
PB [zE |PS [PmM [PB |[PB [PB |PB
A V.SIMULATION RESULT
uzzy Fuzzy
ﬁ A simulation model for three phase four leg PWivheerter
- with the parameters shown in Table 2 has been dpedl

using MATLAB- Simulink.

Cris,
Plant " P

Fig.4 Basic representation of FLC. TABLE Il: Specification parameters

In fuzzification crisp values are converted into ziyiz Varriable Description Value
values. The fuzzy inference system used here isdaam Ve Source voltage 50[Hz]
system. The determination of output control sigeatione Ve dc-voltage 162[V]
with inference engine with a rule base having érthules in Cs. dc capacitor 2200[uF]
the form of "ife is .... AndAe¢ is.... then output is.... ”. L Filter inductor 5.0[mH]

The value of output is changed according to erigimed
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s Internal resistance L 0.6[Q]
T Sampling time 20[us]
T Execution time 16[us]

the active power filter injects an output current to
compensate current harmonic components, current
unbalanced and neutral current simultaneously. riguri
compensation the system curremt ) is shown in Fig 12 is
sinusoidal waveform, with low total harmonic digion.

The objective is to verify the current harmonic a¢ ¢ = g4 a three phase balanced load stepgehds

compensation effectiveness of the proposed costtoéme.
A six pulse rectifier was used as a non-linear lolad.
simulated result shown in Fig 8, phase to neutcalrce
voltage att =0 to t = 0.8 and Fig 9 shows soucrgeents at t
=0tot=0.8.
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Fig.8 Phase to neutral voltage
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Fig.9 Source currents
As load is non-linear it draws non sinusoidalrent,

without active power filter compensation shown ig E1 anu
the load currentt=0to t = 0.4 is shown in Fig 1
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Fig.10 Load currentat 0 <t< 0.4
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Fig 11 Source currentat 0 <t < 0.2

The active filter starts to compensate at t = 8t2his time
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generated shown in Fig 13. The compensated sysiaents

shown in Fig 14 remain sinusoidal despite the chandoad

current magnitude. Finally at t = 0.6, a singlegghbbad step
change is introduced in phase u which is equivaleritl %

current imbalance shown in Fig 15. As expectedhenldad

side, a neutral current flows through a neutral cotat as
shown in Fig 16, but on source side no neutraleruris

observed ¢, ) as shown in Fig 17.
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Fig.16 Load neutral current
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Fig.17 Source currentat 0.6 <t< 0.8

The total harmonic distortion values of source enfrusing
Pl and FUZZY controllers is shown in Table 3.

TABLE lll. Performance comparison

SR.NO Controller THD (%)
1 with Pl 5.83
2 With FLC 0.44

VI. CONCLUSION

Improved dynamics current harmonics and a reactive

power compensation scheme for power distributiostesy
with generation from renewable sources has begrogem to
improve current quality of distribution system. Aahtages
of proposed scheme are related to its simplicitpdeting
and implementation. Simulated results and THD \alok
source currents results have been proven that riifgoped
fuzzy logic control scheme is a good alternativa tdassical
linear control methods. Simulated results have showe
compensation effectiveness of the proposed actoxgep
filter.
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