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ABSTRACT: Power quality standards (IEEE-519) compel to limit the total harmonic distortion (THD) within acceptable
range caused by rapid usage of power electronic equipment. This paper envisages on the simulation of instantaneous active
and reactive theory based shunt active filter with MATLAB/Simulink, as a better solution for reduction of the harmonics.
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l. INTRODUCTION

In a modern power system, due to the broader applications of nonlinear loads such as power electronic equipment or
arc furnaces, the degree of waveform distorted is increasingly serious now [1]. These loads may cause poor power factors,
lead to voltage notch, or result in a high degree of harmonics. Such cases have brought the power quality as an increasing
concern. Moreover, from economical viewpoints, a utility’s revenue may get affected at a higher cost. Therefore, efficient
solutions for solving these pollution problems have become highly critical for both utilities and customers [3].

The amount of distortion in the voltage or current waveform is quantified by means of an index called the total
harmonic distortion (THD) [1]. The THD in current is defined as
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Conventionally methods are of harmonics/current reference and classified either as time or frequency-domain and
are limited steady-state analysis. This paper envisages on the instantaneous power theory validating both the steady and
transient-state analysis. The compensation command signals are obtained from the instantaneous active power and the
instantaneous reactive power. This method does not require the phase synchronization.

The harmonic causes problems in power systems and in consumer products such as equipment overheating, motor
vibration, excessive neutral currents and low power factor. Conventionally, passive LC filters and capacitors have been used
to eliminate line current harmonics and to compensate reactive power by increasing the power factor. But these filters have
the disadvantages of large size, resonance, and fixed compensation behavior so these conventional solutions becomes
ineffective [4]. Therefore concept of active power filters was proposed to mitigate harmonic problems and to compensate
reactive power. Since then the theories and applications of active power filters have become more popular and have attracted
great attention .It is to be noted that non sinusoidal current results in many problems for the utility power supply company,
such as low power factor, low energy efficiency, electromagnetic Interference (EMI), distortion of line voltage etc [6].

1. INSTANTANEOUS POWER THEORY
Moinuddin k SYED [1] proposed a theory based on instantaneous values in three-phase power systems with or
without neutral wire, and is valid for steady-state or transitory operations, as well as for generic voltage and current
waveforms called as Instantaneous Power Theory or Active-Reactive (p-q) theory which consists of an algebraic
transformation (Clarke transformation) of the three-phase voltages in the a-b-c coordinates to the a-B-0 coordinates, followed
by the calculation of the p-q theory instantaneous power components:
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Where V,, V,, , V. are phase voltages. Identical relations hold for line currents i, iy, ic.
The instantaneous three - phase power is given by:
Pap(t) = vala + vpip + Vel = vply + Vi + Vol
= pa () +0p (&) +pc () = pa(t) +pp(t) +po(t)
= p(t) + po () @)

Where p = p,+ pj is instantaneous real power, and p, (t) = vy, is the instantaneous zero-sequence power.
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One advantage of using the transformation of a-3-0 is to separate the zero-sequence component of the system.
The reactive power measurement can be give by q(t) =~ v, iz — vgi, (4)
Rewritten in terms of a-b-c components as
q= _[(va - 1'7b)ic + (vb - 1'7c)ia + (vc - va)ib]/
V3

The power p and g can be rewritten as

1= wlls] ©

From this matrix equation, for A= 1,2 + vg
[gl=30 I @
lﬂ A
Separating the Active and Reactive parts
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Where, the current components are
iap = ap/A , iaq = —UBQ/A (9)

lgp = VgD/A | lgg = —V,q/A (10)
Power in phases aand 3 can be separated as

1 I Tl B Kl B ]
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pap ] [paq ] (11)

p
Where, the poﬁc)er components are
Pap = Valap = Vg P/D (12)
Pag = Vaiaq = —VUa Vg q/A (13)
Pgp = Vplgp = V5 P/A (14)
Dpq = Vglgg = VaVpq/A (15)

Therefore the three phase active power can be rewritten
P3p = Pa +Dg + Po
:pap + paq + pﬁp + qu + Po

= Pap t Ppp + Do (16)
Thus from equations (13) and (15)

paq + p/?q =0 (17)
Thus

Pap — @ aXis instantaneous active power.

» — B axis instantaneous active power.
Daq — @ axis instantaneous reactive power.
Ppq — B axis instantaneous reactive power.

It is observed that the reactive power corresponds to the parts of instantaneous power, which is dependent on the
instantaneous imaginary power g, in each independent phase and vanishes when added (p,, + pg; = 0), in a two-phase
(a — B) system.

Instantaneous real power p, gives the net energy per second being transported from source to load and vice-versa at any
time, which is dependent only on the voltage and currents in phases aand 3 and has no zero-sequence present.

Non-linear Load
The three phase sinusoidal voltages supplying a non-linear load are represented as

= 2vsinwt
v, = V2vsin(wt + 120°)
= 2vsin(wt — 120°) (18)

And the currents being

i, = Yr_ V21, sin(nwt — 0,)

iy = Ym_1 V21, sin[n(wt + 120°) — @,]

i, = Yr_1\21, sin[n(wt —120°) — @,] (19)
Then,
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g = Yy %In sin(nwt — @,,) [1 — cos(n120°)] (20)

ig = Yp=1 2I, cos(nwt — @,,) sin(n120°) (21)
; 1

iy :ﬁ(la + 1 +lc)

Yo _1V6 I, siniBnwt — @3,,) (22)

The power components p, g, Po and ps, are
P= vaia + Uﬁl[; = pap + pﬂp
= 3VI,c0sd 1 - 3VI,cos(3wt-¢d,) + 3VI4cos(3wt+d,) —

3VIscos(bwt-¢s) + 3VIscos(bwt+d;) - .... (23)
q =v.lipg — Vgl

= 3VIssing - 3VIsin(Bwt-¢,) + 3VIgsin(Bwt+d 4) — 3VIssin(bwt-¢ds) + 3VIssin(bwt+d) - .... (24)
PO Zvoio =Oand P3®:p (25)

Thus, these expressions are
P=P+Pandqg= g+ (26)

Each of these expressions represents the mean-value and alternating components with mean-value equal to zero.
From (23) and (24) it can be concluded that
P =Pspand q = Q3 (27)

Thus the harmonic power is given by
H=P?+Q? (28)
Where P and Q are the RMS values of § and §, respectively.

1. COMPENSATION STRATEGY
The reactive and harmonic compensation is carried by injecting appropriate currents into the circuit through a
compensator i.e., shunt active filter as shown in Fig.1.

p+p+

P
\n a
= Yol
SOURCE | k S | LOAD
ACTIVE

ap
i
_L'FII_'_I; _11_3 + Py

Fig.1. Strategy of Instantaneous Power Theory

SHUNT

In order to compensate P,,and FPg,, currents i,. and ig. are injected equivalent to reactive currents as

lge = lgq,and (29)

i/?c = ll;q (30)

Where, i,, and iz, are given by (9) and (10). The current i, is in shunt with the voltage source v,, thus supplies the power
Prq = Vglaq- Similarly, the current source iz, supplies Pg, = vg ig,. Thus, the voltage source v, and vz need to supply
only R, and Fg,. From (17), the power necessary to compensate for i,, is equal to the negative of the power necessary to
compensate for iz, .

The current source i, and ig. represent active power filters that are generated from the VSI inverter controlled to
generate i,, andig,. As such, no DC source is necessary and also no large energy storage element is necessary to
compensate the reactive power. Instantaneously, the reactive power required by one phase can be supplied by the other one.
This means that, the size of the capacitor does not depend on the amount of reactive power to be compensated. In fact, in
actual systems only a small capacitor is used because the switching of the inverters.

As stated in (26), p can be decomposed in two parts as p and p. As p is the actual working power, only # has been

compensated.

Thus (12) and (14) are modified to:

Pz = Vyigy = ViB/A (31)
Pg = vpig = vip/A (32)

The above power terms have mean-value equal to zero but their summation is not zero at every instant, that
is, Pz + Pg; # 0.The capacitor receives energy when p is negative and supplies when 7 is positive.
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V. SIMULATION RESULTS
The simulation of the proposed instantaneous power theory is carried on MATLAB/Simulink as represented in the Fig.2.
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Fig.2. Proposed power control strategy

The source supply is designed with amplitude of 360 volt and frequency of 315 rad/sec with a phase difference of
2.0944 rad between phases.

The load is simulated to include harmonic distortion by injecting the diode current generated from a three phase
uncontrolled diode rectifier of 36KW and a three phase fully controlled thyristor rectifier of 12KW with 60° firing delay
angle.

A VSI inverter is instantaneous and infinitely fast to track current reference and is implemented as a current
amplifier with unity gain block with unity value.

Fig.3. Circuit diagram of PWM Control Technique of Shunt Active Power Filter
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Fig.4. FFT of input AC Voltage without Filter

FFT of input AC Current without Filter
016~ v v ' ' ' '

Armplitude
o o o o
g 5 © = =
5 B8 = 5B

o
=
=4

o
=
=

o

0 50 100 150 200 250 300 350 400 450 500
Freguency (Hz)

Fig.5. FFT of input AC Current without Filter
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FFT of input AC Voltage with Filter
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Fig.6. FFT of input AC Voltage with Filter

FFT of input AC Current with Filter
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Fig.7. FFT of input AC Current with Filter

V. CONCLUSIONS
Instantaneous power theory gives a piecemeal approach in analysis and control of the active and reactive

components of the harmonic load and introduces the active power filter for appropriate corrective measure for the total
harmonic distortion for improvement of the power quality as per the scheduled standards.

Energy efficient power supplies incorporating active power supplies shall govern the future in the electrical power

quality standardizations.
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