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ABSTRACT

This paper proposes application of fuzzy logic oulldr to regulate 12-pulse statcom controller foritigate voltage
flickers and current harmonics. Selective interhamiec compensation is introduced to improve Statpamiormance for
Light Flicker (LF) compensation caused by impleratah of arc furnace as load. This makes it posstbl compensate
only the interharmonics in a proper band around thedamental frequency that mainly affects LF. fdference signal
required for 12-pulse converter is regulated witlzdy controller. The relevant effect is a reductidrihe compensation
power needed to obtain mitigations of LF from tharse to be compensated. This proposed systembis implemented

in Matlab/Simulink under different control techné&guas a comparative analysis.
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INTRODUCTION

Even a few years back, the main concern of conssuiroérelectricity was the reliability of supply. Hemwe define
reliability as the continuity of electric supplyv&n though the power generation in most advanceshtdes is fairly
reliable, the distribution is not always so. Vokdtjckers are caused by arc discharge lamps,uanates, starting of large
motors, arc welding machines etc. Voltage flickanes frequent variations in voltage that can cahsdight intensity from
incandescent lamps to vary. This variation is pgezkas disturbing by human observers, particularithe range of 3 to
15 times per second.

The concept of power quality describes the qualitythe supplier Voltage in relation to the transibneaks,
falling voltage, harmonics and voltage flicker. Y&me Flicker is the disturbance of lightning inddicky voltage
fluctuations. Very small variations are enoughrtduce lightning disturbance for human eye for addad 230V, 60W
coiled-coil flament lamp. The disturbance becorpesceptible for voltage variation frequency of 1@ kind relative
magnitude of 0.26 %. Huge non-linear industriald®auch as the electrical arc furnaces, pumps,ingelchachines,
rolling mills and others are known as flicker geaters. In this respect, the quality of suppliedtagé is significantly

reduced in an electrical power system and thelasoih of supplied voltage appears to be a majoblem.
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Electric arc furnace, the main generator of voltiggker, behaves in the form of a constant reastaand a
variable resistance. The transformer-reactanceesyss modelled as a lumped reactance, a furnacgare® and a
variable resistance which models the arc. Conngdtirs type of load to the network produces voltaggation at the

common point of supply to other consumers.

The Power-frequency disturbances are defined astevelated to the power frequency caused due iicring
operations. As soon as the event producing therdishce is cleared these disturbances get dimuhiglia time. This
helps the power system to come back to its nornmrating condition. The acknowledgment of Low-freqoy
disturbances is very easy. The voltage sag caedmgnized by observing dimming of lights and vadtaggll is observed
when lights shine brighter because of rise in tlodtage. The detection and measurement of thesefreguency
disturbances is easy but restitution is monotoneoik. On the other hand both detection and reparaif Transients is
less complicated than low-frequency events. Thezevarious measures available to deal with lowdesy disturbances
like Isolation transformers, Voltage regulatorsatfst Uninterruptible Power Sources, Rotary UPS. Eleav, these

methods have limitation for removal of low frequgnariations.

In addition to the conventional procedures fort¢benpensators, the active filters are used for titage flickers
mitigation as well. Furthermore, the mitigating @& based on Static VAR Compensator (SVC) sucH hagistor
Switched Capacitor TSC, Thyristor Controlled ReadfbCR), and FCTCR, are the most frequently usedcds for

reduction in the voltage flicking.

The Statcom is typically based on a Voltage-Soumgerter (VSI) with a capacitor on the DC side. Tdoamverter
is shunt connected to the network through an indeiéhterface. The compensator performs voltagellsgpn by acting
as a controllable source of reactive power. Modglatcoms are also able to compensate small amotaistive power
thanks to their ability to perform active harmoffiicering. The performances of the Statcoms for idfitigation are
essentially due to the control algorithm used Far éxtraction of reference current components. &heg, many control
algorithms have been proposed in the literatureoignthese, the most commonly used are based Heoinstantaneous

Reactive Power theory and ii) Synchronous Refer&name theory.

A 6-pulse voltage-source converter STATCOM was usedompensate for the voltage flicker. With resgec
the harmonic problem in this stage, a 12-pulseageltsource converter STATCOM was designed to msolaad
harmonics and mitigate the propagation of voltdgekdr to the system in the next stage. The obthiresults clearly

confirmed the efficiency of the 12-pulse STATCOMcmmplete the voltage flicker mitigation

In order to suppress the harmonic components ipubuturrent, a literature presents a minimal haimon
controller. It uses a controller with fixed moditet index and variable dc capacitor voltage refeeeto minimize the
voltage and current harmonics. However, the detstiun of the voltage and current regulator paranses complicated,
and it can't optimize the specified harmonic comgmis. In addition, there's another literature whpesents an
optimization method based on the generalized coatditransformation harmonic detection. The selectiarmonic
components extracted by the generalized d; coordinate transform are fed forward into the oanibop. Although it
uses a series of adaptive adjustment methods éofettd-forward gain, the compensation precisiostesy stability and

practical applicability are still not very well.
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PROPOSED SYSTEM

The main circuit of the three-phase three-wire STOM with an LCL filter is shown in Figure 1, andsita three-phase
two-level voltage source inverter. Here, the teusa, usb and usc represent the three-phase gtafeplia, uib and uic
represent the STATCOM three-phase output voltatg, iilb and ilc represent the three-phase induetoent of the
inverter side, i2a, i2b and i2c represent the tptegse inductor current of the grid side, udc regmés the DC bus voltage.
In addition, Rd is the damping resistance in therficapacitor branch, and it is used to reducegtia of the LCL filter at
the resonant frequency, so as to prevent the amueerof oscillation at the resonant frequency, thitay cause the

system instability.
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Figure 1: Proposed System of Three Phase with STATQM.

MODELLING OF STATCOM

A STATCOM (Static Compensator), which is schemaditjcdepicted in Figure-1, consists of a two-levedlddge Source
Converter (VSC), a dc energy storage device, a lemupransformer connected in shunt to the distidou network
through a coupling transformer. The VSC converts db voltage across the storage device into afséir@e-phase ac
output voltages. These voltages are in phase aoglemb with the ac system through the reactancehefcoupling
transformer. Suitable adjustment of the phase amghitude of the STATCOM output voltages allows etifee control of
active and reactive power exchanges between thef60OM and the ac system. Such configuration alldvesdevice to

absorb or generate controllable active and reapiwveer.
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Figure 2: Schematic Diagram of a STATCOM.
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The VSC Connected in Shunt with the Ac System Progles A Multifunctional Topology Which can be Used foUp
To Three Quite Distinct Purposes:

» Voltage regulation and compensation of reactive grow
» Correction of power factor
»  Elimination of current harmonics.

The six-pulse STATCOM is the simplest arrangemeseduin this kind of devices; in high power appiicas it
does not offer a good performance, due to the higtmonic content. Combining two six-pulse converter better
performance is obtained. This new configurationaied twelve-pulse STATCOM. The twelve-pulse citési the lowest

practical pulse-numbered circuit for power systgmpligation to achieve a satisfactory harmonic béhav
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Figure 3: 12-Pulse VSI-STATCOM.

When switching functions are approximated by tliendamental frequency components neglecting harcsoni
STATCOM can be modelled by transforming the thrbesge voltages and currents to D-Q variables usiag'$
transformation [10]. The STATCOM can be represerftatttionally, as shown in Figure 3. The magnituwdatrol of
converter output voltage is the function of DC agk for type-2 converters. The converter outputagel can be
represented in the D-Q frame of reference as

;2

i A 2
Vsz I'II'VsD +V5Q :

Vip = kVysin (6, +a),

Vig = kV 4 cos (6, +«),

Where Bs’ is the phase angle of bus voltages the angle by which the fundamental componerdooiverter
output voltage leads the STATCOM bus voltage.

Concerning the switching strategy used to driveMBeé of the Statcom, a hysteresis control was setebecause
of its unconditioned stability, very fast responaagd good accuracy in spite of the variable switghrequency, which
inhibits the use of interleaved techniques. Theditleé voltage of the VSI is modelled as an ideahage source (Vdc),
which guarantees the necessary active power for {@Admpensate the AC component of id. The cortiptdl load makes

it possible to generate all the desired fundametdlinter harmonic currents.
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The control algorithms based on the Park transfimmtat coms are here reformulated to show thegmee of
inter harmonic components to focus on LF mitigatiBeference is made to the classical block schdrrégare 4. Let us
consider three-phase instantaneous alternate tsiraéfiected by harmonic and inter harmonic distortiintroducing the
concept of the Fourier fundamental angular frequenE, which is the greatest common divisor of all frequency
components contained in the signal, all of the NMAX / oF spectral components of the signals are harmariiag-.

Separating the system fundamental angular frequeamyponent, harmonics, and inter harmonics, itossiple to write

the following:
L 4 abe /1 LR, ot dy ]
T i L.
= | '?' i
|'. i Filas H e Iy raf Lo :
- T dg L, ahc ]
il I n
Vo g
i
o o |8
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Figure 4: Control Structure for STATCOM Controller.

Lft)=i' )+ T+ Til(e),

haHl i
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Where hl=nl / oF is the harmonic order of the system fundamemgutar frequency, and H and IH are subsets
containing the harmonic orders oF corresponding to integer h (i.e., harmonics) aotl integer ih multiples (i.e.,

interharmonics) ob1, respectively

iy (t)=1; sin(hl-o 1+ ),

]:':ff! )= .n":, .fj:rHr-l:.-:_‘.f+1.,rrf: ), YheH

:'l:,”r )= .Ff' sinfih-wet+¢, ) YihelH

The three-phase currents are converted into equitalirect and quadrature axis component curradisiq)

using Park’s transformation matrix:

27 27 sy
[i,(ti] 2 sinfl .\'f:f:H—T; .sm[ﬂ+ J ift)
- A

uf } i
; i )]
{7.(1) (o 2r) am)| |
@ cos @ cos| B——| cos| B+ ife)
LY 3 Fi i :-‘I :

A second-order filter was selected based on theraxgnts and analyses performed. The transferiumcised
for the filter SIF(s) is
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FUZZY LOGIC CONTROLLER

In the previous section, control strategy base®locontroller is discussed. But in case of Pl auligr, it has high settling
time and has large steady state error. In ordeettify this problem, this paper proposes the aagibn of a fuzzy
controller shown in Figure 5. Generally, the FLCoise of the most important software based techniquadaptive

methods. As compared with previous controllers Rh€ has low settling time, low steady state errors

Figure 5 shows in this paper, the membership fonds considered as a type in triangular member&hiption
and method for defuzzification is considered adroéh The input variables such as error and erate are expressed in
terms of fuzzy set with the linguistic terms VN, &,P, and Pin this type of mamdani fuzzy inferesgstem the linguistic
terms are expressed using triangular membershigtiéns. In this paper, single input and single atifuzzy inference
system is considered. The number of linguisticalggs for input and output is assumed as 3. Thebatsrof rules are
formed as 9. This input is related with the logiopkrator AND/OR operators. AND logic gives thepuitas minimum

value of the input and OR logic produces the ousisutnaximum value of input.
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Figure 5: Basic Structure of Fuzzy Logic Controller
SIMULATION DIAGRAM AND RESULTS

The experimental case study was performed usingunements taken in a MATLAB/Simulink, where the mpower
quality problem was an excessive light flicker les@used mainly by an electric arc furnace andikelfurnace installed in
the factory. To mitigate he flickers in voltage andrent harmonics, the proposed system is testddrudiffer cases i.e. 1)
with STATCOM and SIF based STATCOM, 2) 12-pulseziubased STATCOM controller. Figure 6, shows a &itinn

diagram of the proposed system in 12-pulse conwverte

The simulation result for source current and vatagder with and without controller is shown in Uiig 7 &

Figure 10.

Due to the presence of Arc furnace as load, flekarcur in system voltage. The effected voltagekdlis at
source side and its current is shown in figure Avdkout application of controller and Figure 8 8ATCOM-SIF

controller. The source voltage and current for Fuzased controller is shown on Figure 9.
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Comparison of Table 1, the FFT of proposed convegebetter with application of fuzzy based 12-puls

STATCOM controller.

Figure 6: Simulation Diagram for Proposed 12-Puls& TATCOM Converter.
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Figure 7: Source Voltage & Source Current Waveformwithout Controller.
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Figure 9: Source Voltage & Source Current Waveformwith Fuzzy Based 12-
Pulse STATCOM Controller.

Table-1: FFT Analysis for Source Current

S. No Controller THD (%)
1 Without Any controller 56.23
2 STATCOM Controller 6.85
3 SIF-STATCOM 5.46
4 12-Pulse STATCOM 1.52
5 Fuzzy based 12-pulse STATCOM 0.74

A Fuzzy based Selective interharmonic compensatias introduced to improve the performances of 8tagcfor flicker

mitigation. The proposed approach modifies classioatrol algorithms based on the Park transforpicigily adopted for

Statcom control. An improvement was obtained byouiticing a selective interharmonic filter into tblassical control

scheme. This makes it possible to compensate balinterharmonics in a proper band around the fonesal frequency,

which mainly affects LF. The relevant effect isealuiction in the compensation power needed to nbiitiee LF emissions

from the source to be compensated (e.g. arc fushaoelevels compatible with standards. Simulatiase studies are

implemented for Fuzzy and SIF based Statcom cdetrtd mitigate inter-harmonics. From these anay#econfirmed

the usefulness of the proposed fuzzy based coertigives better LF mitigation as compared with @ntional controllers.
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