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ABSTRACT- This paper presents the simulation of single phasdsnt active filter based on PQ theory. Generally PQ
theory is used for 3 phases 3 wires or 3 phases 4ravsystem but here it is used for single phase sgsn. This paper
also concentrates hardly on reduction of THD of lod current. Since the system has only single phasigsal for both
voltage and current, thus the dummy signal with 120 different angels must be generated for input othe p-q theory.
During simulation the six pulses will be generatedfor switching of IGBT but only two will be used.
MATLAB/SIMULINK power system toolbox is used to simulate the proposed system.
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[. INTRODUCTION

The tendency of connecting the Power Electronic doadd distributed power plants through the power tElaic
converters are increasing day by d&aliese Power Electronic converters and Loads arsdheces of harmonics and
reactive power which greatly affect the performante¢he power system network [1]. In a weak power gtk t
voltage unbalance and non-sinusoidal regimes asecggmmon. Under such circumstances not only theércobebility

of the power grid itself but also the controllalyildf the electronic connected to power system egeigis is heavily

affected. So, power quality of the modern power ¢gidart grid) is an important issue to address

To overcome the problem of power quality, recenbresf have been made on active filtering. The agtiveer filters
have gained much more attention because of extg@éformance to mitigate the harmonic and reaqgiiweer issues.
But the performance of the active filters depengsnushunt active power filter with controller basedlestantaneous
active and reactive power (p-q) theory has beenqgseqb to verify its performance and ability to comgegte the
harmonics [3]. The advantage of p-q theory is tha instantaneous and works in time domain. Thenslactive
power filter connected to AC distribution system Ire tpresence of different shares of Power Electrtvads is
investigated. It has been investigated through kitimns that even under unbalanced and distorteditons of AC
distribution supply voltage and unbalanced loadisigynt active filter is able to mitigate the hamoes (THD)
specified by power quality standards the controbtir¢hat is employed to formulate the control aitjon of the active

filter.

Due to extreme use of power converters and otherinear loads in industry it is observed that ited&rates the
power systems voltage and current waveforms. Statiepconverters such as single phase and three piaeers,

thyristor converters and large number of power eb&it equipment are nonlinear loads which generatesiderable
disturbances in the ac mains. Mainly voltage haigsand power distribution problems arise due tweru harmonics
produced by nonlinear load. As nonlinear curretdsy fthrough electrical system and the distributiamsmission
lines, additional voltage distortion produce due¢he impedance associated with the electrical netwidnk presence
of harmonics in the power system cause greater ptaserin distribution, interference problem in commimation

system and, sometimes result in operation failfirglextronic equipment’s which are more and moresisien because
it contains microelectronic controller systems, vahieork with very low energy levels. It is noted thanhrsinusoidal
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current results in many problems for the utilitywss supply company, such as low power factor, low gnerg
efficiency, electromagnetic interference (EMI),tdition of line voltage etc.

Il. PRINCIPLE OF WORKING

The shunt-connected active power filter, with a selftrolled dc bus, has a topology similar to thhtaostatic
compensator (STATCOM) used for reactive power congi@ms in power transmission systems [8]. Shunt activ
power filters compensate load current harmonicsnigcting equal- but opposite harmonic compensatingent. In
this case the shunt active power filter operates @srrent source injecting the harmonic compongerterated by the
load but phase- shifted by 180°. Figl shows thecbasimpensation principle of a shunt active poweerfillt is
controlled to draw/supply a compensating curremoinf/ to the utility, so that it cancels currentrhanics on the AC
side, and makes the source current in phase witlsdhece voltage. The load current waveform, thereésinains
current and compensating current injected by thiveadilter are containing all the harmonic compotgeto make
mains current sinusoidal.

Line Current Load Current

Power Distribution
Equivalent Circuit

Filter Current

Non Linear
Load

Shunt Active Power
Filter

FIGURE 1 COMPENSATING PRINCIPLE OF SHUNT ACTIVE FILTER

. MATHEMATICAL MODEL

This method uses algebra transformation also kremv@larke transforms for three phase voltage anert. The three
phase voltage and current are converteddrtdransformation. Although this theory using threerent and three voltage
signals, it also can be used for single phaseaditter by duplicating two more current and voltaignal with 120°angel
shifting. This theory based on separation power @orapt separation in mean and oscillating valuess@er load
current of single phase load as phase “a “and sthlease (phase “b” and phase “c”) are generatetliplcating
technique. The load current can be assumed as fdfas@rent and with be expressed mathematicallgresvs in eq. (1).
By assuming that eq. (1) as phase “a” load curteat] current for phase “b” and ¢ can be represeaseeq. (2) and eqg.

®)

=Y V2l, sinw +4) &)
i :iﬁli sinfw +8 - 120 ) @
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i, =Y V2l sinfw +4 +126 ) @®)
i=0

Equation (1), (2) and (3) can be transformed inrix&rm as shown in (4) and (5) for load currentidoad voltage
respectively:

i) (100

i, =] 10120 |[i,] (4)
i, ) 10240

A 100°

v, |=[10120 |([v,]

Vv, ) (10240

®)
Determine ther andp reference current by using Clarke transformat®steown in (6) for load current and in
(7)for load voltage.

, 11
| 2 2I
iﬁzoﬁ—@ib (6)
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The active and reactive power is written as:

P=V,i, Vi, +V,i, (8)

q=V,i, =V, ©)

(@ v

Active power and reactive power consist of two part Wrdce mean part and oscillating part also known apB€
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p=p+p (11)
g=0+q (12)

The DC part can be calculated by using low-paserfiltvhich is can remove the high frequency and dghe

fundamental component or the DC part. From DC paivepower and reactive power, thep reference current can

be represented in (13)

.1 Vo Vg

lop = V. —v (13)
v, +Vﬂ f] -

The three phase current reference of active powter i given in (14) before the signal will subtiedt to load current.

The subtracted three phase current will be usecetemgte PWM signal using hysteresis band. Hystebesid will
produce six PWM signals and for single phase adiites it is only two are used as input

i ' 14
N3l 2 2 > 4
-1 /8
2 2

The process for the calculation of the compensatingent can also be represented by the flow claghawn in
figure2.Here lac*Ibc*and Ica*shows the compensationgrent in the a-b-c coordinates and land pc Shows the
compensating current i coordinates .
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Load Current and Source
Voltage Measurement

v
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¥
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FIGURE2. FLOW CHART FOR THE CALCULATION OF COMPENSATING CURREN

IV. SINGLE PHASE SHUNT ACTIVE FILTER

Figure 3 shows a system configuration of a singlasplor three-phase shunt active filter for harmonicent filtering
of a single-phase or three-phase diode rectifieh waitcapacitive dc load. This active filter is onetloe most
fundamental system configurations among variougegdypf pure and hybrid active filters. The dc loadynbe
considered as an ac motor driven by a voltage-soRWM inverter in many cases. This active filterhwor without a
transformer is connected in parallel with the haritigmoducing load. The active filter can be corledlon the basis
of the following “feed forward” manner.

1. The controller detects the instantaneous |loacknt

2. It extracts the harmonic current from the dietgd¢oad current by means of digital signal proicess

3. The active filters draw the compensating curfiemm the utility supply voltage so as to cancet the harmonic

current
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Shunt active filter

FIGURE 3 SINGLE PHASE SHUNT ACTIVE FILTER

The control strategy based on p-q theory thatésl is generate PWM signal for single phase shunteafilter
is shown with the help of block diagram in figure 4

Vﬂp .
"ﬂﬁ > p Hysteresis
Band
L + * y .
o —>{ LFT —-&)—nﬂﬁ_w {1, —-;?—» —>PWM
S Iabc
IL, Q
—2hg,. | I > S
; +
< PID
V ref

FIGURE 4 CONTROL STRATERY OF PQ THEORY
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V. SIMULATION RESULT

A simulation of single phase shunt active filtesigulated using MATLAB/Simulink. The simulationeis
Single phase system 325V 50Hz directly from soacehows in Fig. 5

pow ergui

Discrete,
Ts =5e-006 s.

Tl
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B - $
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e T - T -
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FIGURE 5 SIMULINK MODEL OF SHUNT ACTIVE FILTER

I
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|

The modeling of p-g theory which consists of singlettiree phase block, algebra transformation oftpegpry three
phase to two phase, two phase to three phase traragfon and hysteresis band is shown in figure 6tétgsis band

will produce six signals PWM and for single phasgvadfilter only use two signals to control the deghase active
filter.
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FIGURE 6 MODELLING OF PQ THEORY
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Various waveform of line current, load current andrdtactive filter are shown in figure 7(a), 7(b) &y
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FIGURE 7(B) LOAD CURRENT
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FIGURE 7(C) ACTIVE FILTER CURRENT

The effected non-linear load of the system will mtiee THD of load current increase up to 47.822%hasva in
Fig. 8. By injecting the active filter current tfi&lD offline current will reduce to 0.85% as shown ig Bi
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FIGURE 9 THD OF LINE CURRENT
VI.CONCLUSION

With the development of power electronics technol@gpple have paid more attentions to harmonicsdJsttive
Power filter is an effective method to suppress loenios. This paper has studied the simulation dflsiphase shunt
active power filter. The design parameter is reasteniom the simulation results.This paper proves pg theory can
be implemented to control single phase activerfiltéhich the theory widely used to control three ghastive power
filter. It is discovered from simulation that by phemented the p-q theory the THD of the load curoamt be reduced
from 47.82% to 0.85%.
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