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ABSTRACT

Quality (PQ) maintenance has become an importantem to utility. Shunt Active Power Filters (SAR$YXonsidered as
the best device among many harmonics compensagivigess. Due to electrical energy demand, the payeeeration is
also became an important concern. Among variougwaible energy sources, solar energy is considesedest source
for converting into electrical energy. The shuninpensator compensates for harmonics of load curiergroves power
factor, overcomes voltage sags, reduces total Haim®istortion (THD), etc., and thus enhances tlwsver quality.

Proportional Integral (Pl), Fuzzy Logic ControllgiFLC) based control algorithm is used for SAPF. yhchronous
reference frame (SRF) algorithm is used for impngvthe SAPF performance. The proposed system ignmepted in

Matlab/Simulink environment and the simulation teseaxhibit the high value performance for micradgapplications.
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INTRODUCTION

The advancement of semiconductor technology ineme#ise penetration of power electronics loads, sickwitching
mode power supplies (SMPS), adjustable speed drogaputer power supplies, etc. Though these Ipadsess good
efficiency, they grab nonlinear currents, becausshich voltage distortion is caused at PCC-PofinEommon Coupling.
Therefore emphasis on generation of clean energyisasing by installing rooftop photovoltaic gt in apartments,
commercial buildings, etc., [1][2]. But, the intattant behaviour of PV sources, an increased patietr of these kind of
systems, especially in weak distribution systemsseavoltage related problems such as voltage sadysaltage swells,
eventually making the grid unstable [3]-[7]. Thepeoblems result in frequent false tripping, falsgggering,
malfunctioning of electronic systems and capaditonks heating, etc. [8]-[10].The problems of poweality at both grid
and load sides are considered as major issuesdemmalistributed systems. The concept of multifiometl systems arises
for generation of clean energy apart from improvipgwer quality. Literature [11], [12] proposes aerphase
multifunctional system for converting solar energgmpensates for issues of power quality at lodd.sh single phase
PV inverter with the capability of active powerditing was proposed in [13], [14]. The series acfilters were used in

apartments and marketable buildings for maintaimolgpage quality of electronic loads [15], [16].s8lar PV system with
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Dynamic Voltage Restorer (DVR) was proposed in [1A] recent times researchers are showing moreestteon
connecting PV array via Shunt Active Power Filedtstribution system. In this scheme the powerettgped in PV array
provides the real reactive energy. This paper piesene study of operation of SAPF system for comeu harmonic
compensation. Pl Controller and Fuzzy Logic coterolBased predictive Algorithm is used as contr@thodology for
SAPF. Simulations are performed using MATLAB/SIMUK software.

THE PROPOSED SYSTEM

Active power filters are being widely applied in desn distribution systems for suppressing harmooiesected with it.
They are in parallel connection with the nonlinksd and are used to eliminate current harmonictherac side making
the mains current sinusoidal. SAPF provides dynaamd robust performance with a control algorithmattkvorks

accurately. The control techniques generate referenrrents used in triggering voltage source tever With the use of

SAPF the following are the advantages;
*  Current harmonics elimination,
» Balancing and regulation of terminal load/line agi¢,
* Reduction of negative sequence voltage,
» Voltage harmonics compensation.

The proposed system is depicted in Fig.1. The neali load here is the diode rectifier with a RLd@nd is
connected to the source via load inductanceTlhe shunt active power filter is connected inaflat to the system. The
controller generates the pulses to trigger theche# of the VSI. The VSI is used as active powtarfthat compensates

the harmonics of reactive power and nonlinear load.
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Figure 1. Schematic Diagram of the Proposed System.

The presentation parameters are smoothing and pitguelement,L., energy storage elemef@,, the
techniques used for extracting compensation refererurrentsjs*, is*, is¢ and control system used to control the
compensation currentg,, i, icc and the DC voltageé/y.. The desired compensation current is injectecheySAPF into
the distribution system at PCC, ensuring sinusogtalrce current. The source currefjt,and source voltagey, of

thesystem are represented in Eq. (1) and Eq. (2).
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vs(t) = v, sinwt 1)
is(®) = 4@ — i) (2)

As the load is Nonlinear, Load current has fundaalecomponent and harmonic component. Mathemayicall

represented as in Eq. (3)
ii(t) = I sin(wt + @1) + Yoo, I, sin(nwt + ¢@,,) 3)
Load power can be represented as
pu(t) = vs(8) * 1 () “4)
Substitute Eq. (1) and Eq. (3) in Eq. (4), then
+v,, sinwt * Y00, I, sin(nwt + @) (5)

From Eq. (5) it is clear that load current has ehcemponents. They are Active PowBt)), Reactive Power
(P:(t)), and Harmonic PoweP((t))

pi(6) = pr(©) + pr(8) + pa(t) (6)
The active power drawn by the load is
pr(t) = 1, sin® wt * cos ¢y (7

Butpy(¢) = vy (£) * i5(8)

i,(t) = if—((;) = I, cos @, sin wt = I, sin wt (8)
The compensating current is calculated by using Eq. (9)
ie(t) = 4(t) — is(0) ©)

Wherei,(t) is the fundamental component of the load curigid).

The source currents, after compensation, can lengiv

isq = Iy Sin wt

isp = Iy sin(wt — 120)

isc = Igm sin(wt + 120) (10)

Where I, is the amplitude of the desired source currentjentine phase angle is obtained from the source

voltages,,, Can be calculated by controlling the dc-side capaebltage.
THE SYNCHRONOUS REFERENCE FRAME THEORY

Synchronous Reference Frame (SRF) theory is coatgarithm for generating triggering pulse. Theethwphase load
currents, i, ip, ie, Voltages, \ Vg, Vsc and DC voltage across capacitor are considereeeatback signals. With
Park’s transformation, the load currents are if0 ftame as in (13).
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lca cos 6 cos 0 - ?) cos
l o (13)
cq —sm0—51n 9——)—sm
3
The synchronization of current signal with voltaagePCC is done by using PLL. The low pass filteused for

extracting the DC component ofiLdandiLqg from coments of d-q current

iig = hig + I (14)
llq = Ilq + E (15)
» cosf —sinf
a 2| cos (6 - 2—") —sin (9 - 2—") il
ip| = \/; 3 3 [il ] 116
ic cos (6 + 2{) —sin (9 + 2{) !

The inverse Clark’s transformation converts thenta@ric components into three phase quantities. €fexence

guantities are then to hysteresis controller, wigieherates VSI gate pulses. Figure 2 shows theatlents block diagram.
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Figure 2: d-q Theory for Reference Current Generaton.

Pl, FUZZY AND ANN CONTROLLERS
PI Controller

A PI controller in general controls the dc-link tagie for the elimination of steady state error &rdthe reduction of
ripple voltage. The proportional constantand the integration constant;\Kletermine the dc-link voltage‘s dynamic
response and its settling time respectively. Thardl K values are to be properly selected to ensurefdreraentioned
control performances. The principle of energy-be¢ais used to calculate,Kthen the Kvalue can be observationally
determined. The dc-link voltage regulation is dbgethe adjustment of little amount of power flovidardc-link capacitor,

therefore compensating switching and conductiosdss
H(S) =K, + K; 17

The proper setting of Kand K equals the actual M. and reference ) racross the capacitor. The dc voltage
regulator, apart from determining, & also corrects errors in the power compensatiorally the PWM controlled VSC's

ripple voltage is mitigated by PI controller. Thalwes of K, and K used in this system are 2 and 20 respectively.
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Fuzzy Logic Controller

For the implementation of control technique of SARte capacitor voltage (¥ is compared with the reference value
(Vgcred- The error e= W, -Vqc is passed through low pass filter (LPF) with ayjfrency of 50 Hz. The error e(n) and
change in error ce(n) are the inputs to the fuzoggssing. The fuzzy output restricts the magnitofdesference current
(Imay- This current handles the non-linear load’s dednafhactive power and also handles losses in Higidgn system.
The pulses are generated by the comparison of lastuace currents with reference currents usingtétgsis Current

Control (HCC) method.

Rule base

Fuzzification ¥ Rule —p Defuzzification
Evaluator

4

Co
L.
E

Data base

Figure 3: Fuzzy Logic Controller.

The different components of a fuzzy control syswmfuzzification, rule base, defuzzification, datese and rule
evaluator as shown in Figure 3. In the fuzzificatiprocess the numerical values are converted umayf values or
linguistic variables such as Negative Big (NB), Hitge Medium (NM), Negative Small (NS), Zero (ZPgsitive small
(PS), Positive Medium (PM), Positive Big (PB). hetdefuzzification process fuzzy values are coedeirito crisp values.
Rule base consists of different linguistic contades which are required by rule evaluator to s@veroblem. The rules

used in fuzzy controller are shown in table 1.

SIMULATION RESULTS

The simulation of the proposed system is done uBlagab/Simulink software. Thetable 3 lists the pweed system’s
parameter values. The simulation results comparesyistem with two controllers named as Pl and Flzmjic control.
The scenarios of reactive power compensation, DE Violtage and total harmonic distortion (THD) oktproposed

system were examined and are depicted in the follpfigures.
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Table 1: Fuzzy Control Rule

emy NE | NNM | NNs | ZE Ps PM PE
ce(n)
NB NE NB NBE NE NM NS ZE
NM NE NE | NB NM NE ZE Ps
NS NE NB NM N5 ZE Ps P
ZE NE NM NS ZE Ps PN PE
Ps WM NE ZE Bs M PE PE
PM NS ZE ] M PE PE PE
PE ZE Ps PN PE PE PE PE
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Figure 4: DC Link Voltage using PI Controller.
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Figure 5: DC Link Voltage using Fuzzy Controller.

Vinod & V. Srinivas

The control scheme of PI controller for dc link tagle is compared with the fuzzy logic control sceekigs. 4, 5

show the dc link voltage response at different timgtants for two control schemes. The settlingetiof dc link voltage

using PI controller is 0.15sec, with Fuzzy logiotoller, it is 0.08sec .

Impact Factor (JCC): 6.3625

NAAS Rating 2.96
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Figure 6: Reactive Power Compensation using Pl Cordller.
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Figure 7: Reactive Power Compensation using Fuzzyddtroller.

From the figures it is clear that dc link voltagentrol of SAPF using FLC exhibits better result gamred to PI.

Particularly the oscillation of dc link voltage WIiELC application is lesser than with the Pl apgilns.

Also the time interval until the dc link voltagemes back to condition of steady state is smalleerméompared

to PI controller.

Figs. 6, 7 depict the reactive power compensatiith application of PI, Fuzzy controllers. Among theo

controllers, the FLC gives better results for congadion of reactive power.
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FFT window: 5 of 100 cycles of selected signal
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Figure 8: THD% of Source Current using Pl Controller.

FFT window: 5 of 100 cycles of selected signal
T T T T T

o 3
g 8

Signal mag.
o

0.2 0.21 022 023 0.24 025 0.26 027 0.28 029
Time (s)
FFT analysis
Fundamental (50Hz) = 116.7 , THD= 4.97%
T
09 1
0.8
To7
i
o
=
o
k-1
i
5
w
B
=
o
]
=

o 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Figure 9: THD% of Source Current using Fuzzy Contrdler.

Table 2 Parameters List

Impact Factor (JCC): 6.3625

PARAMETER VALUE
Source Voltage (V3, Vi Vi) 220V
System Frequency () 50 Hz
Rectifier Load 5 ohm, & mH
Load Inductance (L} 0.1 mH
Filter Inductance (Lgp,) 1mH
DCVoltage (Vac_res) 700V
CapacitorVoltage (Cgc) 2580 pF

Vinod & V. Srinivas
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The total harmonic distortion (THD) of the systeon fwo control schemes of Pl and Fuzzy logic angicted in

Figure 8 and Figure 9 respectively. The proposesdesy using FLC controller gives better THD of tlmurge current

compared to the other control scheme, i.e., the ¥H&F source current is reduced from 7.07% to 4.9&hg Fuzzy

controller .

CONCLUSIONS

This paper has presented operation of SAPF thatlsimeously achieved the reactive power and harenommpensation.

The proposed system was simulated using Matlablsiknsoftware and the results demonstrate the haitnivee source

current. Also the Pl and Fuzzy controllers are carag for reactive power compensation, dc link \ggtand THD of the

source current. The THD has been reduced muchrhedteg FLC controller ensuring good operation béirgt active

power filter thus resulting in improved power qtyali
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