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ABSTRACT

This paper deals with the implementation of fuzzy logic based Shunt Hybrid Active Filters(SHAF), with non-
linear load to minimize the source current harmonics and provide redctive power.compensation. Cemparison
with Proportional Integral (Pl) based SHAF is also analyzed. Shunt'Hybrid Active Filter is constituted By Active
Filter connected in shunt and shunt connected three phase single tuned LC filter for 5™ hafmonic frefuiency with
rectifier load. The proposed work study the compensation principle, and different control strategies used here
are based on PI/FUZZY controller of the shunt and*TCR active™filter, in detail. Thel control strategies are
modeled using MATLAB/SIMULINK. The performance is also observed underginfluence of utility side
disturbances such as harmonics, flicker andépikesiwith, Non-Linear and Reactiverloads. The simulation results

are listed in comparison of different control strategies and fer the verification of results.

Index Terms—Harmonic Suppression, Hybrid Power filter, Modeling, Hybrid Power filter And
Thyristor-Controller Dreactor (SHPF-TCR Compensator), Fuzzy Logic Controller

I. INTRODUCTION

Power quality isbecoming important due to proliferation of nonlinear loads, such as rectifier equipment,
adjustable speed drives, demestic appliances and arc furnaces. These nonlinear loads draw non-sinusoidal
curfentshfrom ac mains and eause a type of current and voltage distortion called as ‘harmonics’. These
harmoni€s causes various prablems in power systems and in consumer products such as equipment
overheating, capacitor blowing, motor vibration, transformer over heating excessive neutral currents and
low power factor. "Power quality problems are common in most of commercial, industrial and utility
networks. Natural phenomena, such as lightning are the most frequent cause of power quality problems.

Switching phenomena resulting in oscillatory transients in the electrical supply.

Shunt active power filters (SAPF) represent a feasible solution to the problems caused by the non- linear
loads. These loads draw non-sinusoidal currents from the 3-phase sinusoidal, balanced voltages which are
classified as identified and unidentified loads. The SAPF can compensate for the harmonics, correct the
power factor and work as a reactive power compensator, thus providing enhancement of power quality in
the system [1, 2]. The control scheme of a SAPF must calculate the current reference waveform for each

phase of the inverter, maintain the dc voltage constant, and generate inverter gating signals.
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The current reference circuit generates the reference currents required to compensate the load current
harmonics and reactive power, and also try to maintain constant the dc voltage across the capacitor [3].

In this paper, a new combination of a shunt hybrid power filter (SHPF) and a TCR (SHPF-TCR
compensator) is proposed to suppress current harmonics and compensate the reactive power generated
from the load. The hybrid filter consists of a series connection of a small-rated active filter and a fifth-
tuned LC passive filter. In the proposed topology, the major part of the compensation is supported by the
passive filter and the TCR while the APF is meant to improve the filtering characteristics and damps the
resonance, which can occur between the passive filter, the TCR, and the source impedance. The shunt APF
when used alone suffers from the high kilo volt ampere rating of the inverter, which requires a lot of
energy stored at high dc-link voltage. On the other hand, as published by same authors, the standard hybrid
power filter is unable to compensate the reactive power because ,Of the hehavior of the passive filter.
Hence, the proposed combination of SHPF and TCR compensates for unwanted reactive power and
harmonic currents. In addition, it reduces significantly the valt-ampere rating of the APF part. The control
method of the combined compensator is presented. A*control technigueiis proposed to improve the
dynamic response and decrease the steady-state errarfof the TCR. Itconsists of a Pl controller and a lookup
table to extract the required firing angle to compénsate a reactive powenconsumed by the load. A nonlinear
control of SHPF is developed for currentdtracking and voltage regulation purposes. It is based on a
decoupled control strategy, which considers that the eontrolled system may be divided into an inner fast
loop and an outer slow one.

I1. SYSTEM CONFIGURATION,OF SHPF-TCR COMPENSATOR

Fig. 1 shows the topology of the proposed combined,SHPF and TCR. The SHPF consists of a small-rating
APF connectedfiniseries with a fifth-tdned LC passive filter. The APF consists of a three-phase full-bridge
voltage-source pulse width modulation (PWM) inverter with an input boost inductor (Lpf, Rpf) and a dc
bus capacitor (Cdc). The APF sustainsivery low fundamental voltages and currents of the power grid, and
thus, itsyrated capacity isigreatly reduced. Because of these merits, the presented combined topology is
very appropriate in compensating reactive power and eliminating harmonic currents in power system. The
tuned passive filter in pargllelzwith TCR forms a shunt passive filter (SPF). This latter is mainly for fifth
harmonic compensation and PF correction. The small-rating APF is used to filter harmonics generated by
the load and the TCR by enhancing the compensation characteristics of the SPF aside from eliminating the
risk of resonance bétween the grid and the SPF. The TCR goal is to obtain a regulation of reactive power.
The set of the load is a combination of a three phase diode rectifier and a three-phase star-connected

resistive inductive linear load.
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I11. MODELING AND CONTROL STRATEGY

A. Modeling of SHPF
The system equations are first elaborated in 123 reference frame. Using Kirchhoff’s voltage law, one can

write
Gh’cl
dt
dies

Vsa = LPFW + Rprice + vcprz + vanr + vmN
dic?o

Us3 = Lpp a + Rprics + vcprs + Vanm + UuN

vs1 = LpF + RpFic1 + YcPFL + V1M + UMN

di d?
UCPF1 = LT% — CppLp——oPrl

di,. d2v
VoPF2 = LTTtQ —Cprlr d(;ZPFQ

di,.
veprs = Lr dt3 —CprlLr de2

dvdc 1.

= tde-
dt Cac d (1)

, 3)is dej‘ ed as

1, if Sy is Onand S} is Off

The switching function ck of the ky, leg of the converter (for k=

Cr. — ‘ . ‘
0, if Si is Off and 5] is On.
@)
A switching state function dnk is defined ‘ \ ,
3
1
dnk — | Ck — 5 E Cm
m:]. TL
) 4 @)
Moreover, the abse the zero sequence in the ac currents and voltages and in the[dnk] functions leads to the
in the thre e coordinates [15]:
dic1 .
Lpp d; = — Rppic — dp1Vac — Voprr + Va1
di oo .
Lpr d; = — Rprico — dn2Vaec — VCcPF2 + Vs2
dic3 .
PF d; = — Rpric3 — dn3vdc — UVCPF3 + VUs3
dvge | va . . .
Odc c + = dnlzcl + dn21c2 + dn3363-
dt Rdc
(4)
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B. Harmonic Current Control

A fast inner current loop, and a slow outer d oop, is adopted. Th quations in the model can

be written as shown in the Appendix by e first and the second time derivative TCR capacitor

voltages have no significant negative impact'on the perfo of the proposed control technique because their

)

. i i u, [f_,,,.. (1-Corte?)+1, ) i,
s R (1= Cpel e’
S

i I o (f_,,,. (1-Cpelye’ )41 )

coefficients are too low.

Fig. 2" Inner control loop of the current id.

they can practi be ignored. Define the equivalent inputs by (28) as given in the Appendix.

Thus, with t

iq can be contro

decoupled dynamics of the current tracking is obtained. The currents id and
dependently. Furthermore, by using proportional integral compensation, a fast dynamic

response and zero steady-state errors can be achieved.

Vils) 4 Va o W) | Bz Uu($)[ Vi(s)
C : \_r’d_ Cas

Fig. 3. Compensated voltage regulated model.
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{=\2/2, the theoretical overshoot is 20.79%. The following design relations can be derived: where oni is the
outer loop natural angular frequency and  is the damping factor. For the optimal value of the damping factor.

C. DC Bus Voltage Regulation

In order to maintain the dc bus voltage level at a desired value, acting on iq can compensate the losses through
the hybrid power filter components. The output of the controller is added to the g-component current reference
iq as shown in Fig.4.

Control of TCR

T/ .
r —
s/ - 4
A . Nyl ey IR prervy BN ey 0 AN,
3 : T /
n y|nY;

The proposed nonlinear controller of the proposed SHPF mpensator is shown in Fig. 4.

IV.DC LINKWITH PI C

the SHPF-TCR Later part of active power supplied by source is used to provide a
F-TCR Thus, the dc bus voltage of the SHPF-TCR is maintained to have a proper
current contro

r(t)

SYSTEM BLOCK

P Ket)|e

I K,Ie(r)dr

i

Fig.5. PID controller block with system
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o With the primary PLL loop, a change in the system load will result in a steady state time voltage and current
flickering depending on the load In order to reduce the time deviation to zero, a reset action is to be provided.
The reset action can be achieved by introducing an integral controller to act on the reference setting to change
the speed set point. The integral controller increases the order of the system by one.

e Uncontrolled system is subject to steady state errors and so control strategy is required. The control
specifications are

o Control loop must be characterized by a sufficient degree of stability

o Following a step load change, the harmonics error should return to zero. This is referred to as is synchronous
control.  Magnitude of transient harmonics must be minimized.

o Integral of the voltage sag , swell and harmonics error should be minimized.

e The individual transmission of the upqc controller should divide the total\nen-linear loadgforsimprove the
power quality.

e Let AP, be the negative feed-back signal drawn from frequencyddeviation. Suppose, if it was not an integral
feedback, i.e. if AP.=-K;AF(S)  where k;—gain for propoztion control

o U(t)=Kp e(t) +K; d/dt(E(t)) the PD controller increases‘the damping of the system which results in reducing
the peack overshoot

o U(t)=Kpe(t) +K; £ E(t) PI controller reduces the steady state error. The Pl controlleFincreases the order and

type number of the system by one.

V. FUZZY LOGIC CONTROLLERS

The word Fuzzy means vagueness. Fuzziness occurs when the boundary of piece of information is not clear-cut.
In 1965 Lotfi A.Zahed propounded the“fuzzypset theory. Fuzzy set theory exhibits immense potential for
effective solving of the uncertainty in the groblem:{Fuzzy set theory is an excellent mathematical tool to handle
the uncertainty“arising due to vagueness. Understanding human speech and recognizing handwritten characters
are some common instances where fuzziness manifests. Fuzzy set theory is an extension of classical set theory
whereelements have varying, degrees of mémbership. Fuzzy logic uses the whole interval between 0 and 1 to
deéscribe human reasoning. In FLC the 9nput variables are mapped by sets of membership functions and these
are calledas “EUZZY SETS”.

F r —
INPUTS Fuzzfier | Defuzifier |CUTEUTS
" Module Fl Module —

1 [ /

Tnputs Membership Functions Outputs Membership Functions

Fig. 6. FUZZY BASIC MODULE
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Fuzzy set comprises from a membership function which could be defines by parameters. The value between 0

and 1 reveals a degree of membership to the fuzzy set. The process of converting the crisp input to a fuzzy value

is called as “fuzzificaton.” The output of the Fuzzier module is interfaced with the rules. The basic operation of

FLC is constructed from fuzzy control rules utilizing the values of fuzzy sets in general for the error and the

change of error and control action. The results are combined to give a crisp output controlling the output
variable and this process is called as “DEFUZZIFICATION.”

A.FUZZY RULES:
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VI. SIMULATION RESULTS

Simulations were performed numerically using the “Power System Blockset” simulator operating under
Matlab/Simulink environment, in order to verify the operation of the proposed SHPF-TCR compensator using
the nonlinear control.
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compensator with harmonic generated load.

SHPF TCR compensator for harmonic elimination with a
e supply voltage(vsl), the supply current(isl), the load current (iL1),
e dc bus voltage (vdc)are depicted in this figure.

Fundamental (50Hz) = 19.25 , THD= 57 95%
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Fig. 13. Harmonic spectrum of source current in phase 1 Before compensation.

Figure13 shows the Harmonic spectrum of source current in phase 1 Before compensation.
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Fig. 14. Harmonic spectrum of source current in phase After compensation.

Figurel4 shows the Harmonic spectrum of source current in phase After compensatio
Casel: Shunt Hybrid Power Filter and Thyristor-Controlled with fuzzy. A

Fig. 15. matlab/simulink model of

Figurel5 shows the matlab/simulink model of Shunt Hybrid
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Fig. 17. Grid voltage and grid current of Shunt Hybrid Power Filter and Thyristor-Controlled with fuzzy.
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Figurel7 shows the Grid voltage and grid current of Shunt Hybrid Power Filter and Thyristor-Controlled

with fuzzy.
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Fig. 18. Harmonic spectrum of source current in Shunt Hybrid Power Filter andThyristor-Controlled with
fuzzy.
Figurel8 shows the Harmonic spectrum of source current in ShéntyHybrid “Power Filter and Thyristor-

Controlled with fuzzy.

VII. CONCLUSION

In this paper, a SHPF-TCR compensator of a TCRfand a SHPE haS been proposedto achieve harmonic
elimination and reactive power compensationd A proposed nonlinearhcontrol scheme of a SHPF-TCR
compensator has been established, simulatedgandiimplemented by using the.DS1104 digital real time controller
board of d SPACE. The shunt active filteriand SPF have aixcomplementary fungtion to improve the performance
of filtering and to reduce the power rating requirements ‘of an, active filter. The scheme has the advantage of
simplicity and is able to provide self-supported dc bus of the active,filtér through power transfer from ac line at
fundamental frequency. The perfarmance of conventional Pl controller and fuzzy controller has been studied
and compared. Overall, the fuzzy controller, gives the best SAPF performance in comparison with the Pl

controller in regards voltage regulation, % THD; settlingstifhe, current overshoot etc.
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