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Abstract: In single-phase or three-phase circuits,the
conventional reactive power has been defined on the
basis of mean value concept for sinusoidal voltage and
current waveforms for steady state conditions. Various
types of reactive power compensators have been
developed to provide correction of power factor.
However, it has been found that the compensator can
eliminate the fundamental reactive power in steady
states only. The generalized control strategy including
the compensation of the fundamental reactive power
in transient states has not been discussed yet. In thé
cases of non-linear loads the explanations arg_not
sufficient and with increasing use of power4lectronies
devices, the power sources had to start supplying
power to a large number of thesenon-lineardloads. In
this  paper Instantaneous  Reactive  Power
Compensation Theory is presented for Harmonics
Mitigation and Power Factor Correction.

I. Introduction

Today power electronic loads like computers,
uninterrupted power supplies (UPS), variable speed
drives, switch mode power supplies (SMPS) etc. are
deteriorating the power quality. The main problem
with such loads is that, their switching characteristics
(like of thyristors) gives rise to harmonic currents that
flow in transmission lines. It causes considerable
losses and voltage distortion, nuisance tripping of
circuit breakers, premature failure of electronic
equipment and other problems. Thus it is disturbing
quality of power. Conventional methods like fixed
compensation techniques, series and shunt passive
filters have been wused but every method has
limitations.

The p-q theory is basically a set of instantaneous
power defined in the time domain. There are no
restrictions imposed on the current or voltage
waveforms, and it can be applied with a neutral wire
or without a neutral wire for three phase generic
voltage*and current waveformsto three-phase systems.
Thus, it'Is yalid also in the transient state. This theory
iS Veryjefficient and flexible in designing controller for
power conditioning based on power electronics
devices comparative to other three phase active filter
design techniques [1]-[9]. The p-q theory transforms
voltage and current from the abc to o0 coordinates,
and defines instantaneous power on these coordinates.
Hence, this theory does not consider the three-phase
system asa superposition or sum of three single-phase
circuits but consider as aunit.

Il. The Clarke Transformation
The a0 transformation or Clarke transformation [10]
maps the three-phase instantaneous voltage in the

abcphase V,, V, and V. into the instantaneous

voltages on the af0-axes V, ,V 5, and Vy. The Clarke

transformation and the inverse of Clarke
transformation of three phase voltages are given by

W2 e 2]y,
1 ‘]/2 _]/2 Vs
0Bl -2y,

(1)
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The right-hand side of (5) can have its terms expanded
as

I1l.  The p-q Theory in Three Phase, i vy vy, T
Three Wire Systems a|_ 1 e ‘gD ' 1 a« °f
- - P2 2 2 2
Another way tf’ mtroduce.the p-q thegry for three lﬂ V a+V/} V,B _Va 0 Va+Vﬁ V,B _Va q
phases, three wire systems is to use the instantaneous
voltage and current vector [10]. An instantaneous
voltage vector is in space can be defined from the ..(6)
instantaneous o and pvoltage components, that is,

J— H i i
e=V,+ jVy; .2 op aq

Similarly, the instantaneous current vector is defined I £p I A

as
.. . The, abowve, current components can be defined as
e showmbetow.

In case of a three-phase balanced sinusoidal system Instantaneous active current on the o axis iap:

the voltage and current have constant amplitude and

rotate in the anticlockwise direction, at the angular

frequency o, as shown in Fig. 1. . V,

|l =—"—7—
ry ap Vza +V2ﬂ p ...(7

Instantaneous reactive current on the aaxis | o
\Y
B

lg=—5"—"0 ..@3
oq V2a+V2ﬂ (3

Instantaneous active current on the g axis i x

i
VOV

.09

Fig. 1Vector representation of voltages and current Instantaneous reactive current on the £ axis| K
on the a-p reference frames.
The original definition of p and q was based

on the following equation: . -V
v lgg =50 .0
A 2 2
Via +V p
p Va Vﬂ
. The instantaneous power on the o and g coordinates
g Vg ~Va are defined as P,and P, respectively, and are

From (4), it is possible to write calculated from the instantaneous voltages and
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currents on the of axes as follows:

P | [Valo | | Valag . Vyiog

(11

Do) [Vls| [Velw | |Vela

Instantaneous active power on the a axis Pgp

V2,

=V, =———=P .. 12
alop V2a+V2ﬂ (12)

Instantaneous reactive power on the o axis Pgq:

VaVﬁ

R VEERVES:
...(13)
Instantaneous active power on the g axis P Bp
P, =V __ Ve p
- . - ....(14
pp B po V2a+V2ﬂ (14)

Instantaneous reactive power on the f axis P Ik

. VV
P = Vodp = 50 s
q ~ BA T V2, +V2 A15)

If the ap variable of the instantaneous imaginary
power g as defined in (11) are replaced by their
equivalent expressions to the abc axes using (4) and
similarly for the current, the following relation can be
found:

q =Vﬂia _Vai/f = %[(Va Vb)ic +(Vb _Vc)ia +(Vc _Va)ib]

iy Vol +Vegly )

1
= \/é(vabc calb
..(16)

IV.  Selection of Power Components to
be Compensated
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One significant advantage of using the pq
Theory in designing controller for active power-line
conditioners is the possibility of independently
selecting the portions of real, imaginary, and zero-
sequence power to be compensated. Sometimes, it is
convenient to separate these powers into their average
and oscillating parts, that is,
Real power:
p= P+
Imaginary power:
q= q +
Zero- sequence power:

Po=  Pp +

Power generating ! Non-inear
system load

Compensating |,
Current
reference

Shunt Compensator

Fig. 2 Basic principle of shunt current
compensation.
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Instantaneous
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=Vl + Vi,
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Selection of power to be compensated
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aﬂ- Current calculation

Inverse Clarke Transformation

Fig. 3 Control method for shunt current compensation based on the p-q Theory

V. Software Simulation

The active filter controller consists of four functional
blocks:

i) Instantaneous-power calculation

i) Power-compensating selection

iii) Current reference calculation

iv) Hysteresis current control

Test System

Simulation parameters selected in circuit of three-
phase, three-wire APF for different types of load are
given below.

For RL Load

Voltage (Vs) = 200 (V peak value)
Current (1)= 15 Amp ( peak value)
Frequency (f)= 50 Hz

Load Resistance ( R L)=25Q
Load Inductance (L)= 200 mH

DC Link«Capacitor (Cdc ) =5000 pF
Filtemlnductor = 2.5 mH

For RC Load

Voltage (Vs) = 200 (V peak value)
Current (1) = 15 Amp (Peak value)
Frequency (f) = 50 Hz

Load Resistance (R | )=25Q

Load Capacitance C=200 uF

DC Link Capacitance ( C 4. ) =5000 uF
Filter Inductor = 2.5 mH

For Inverter fed Induction Motor Load

Power=5 kVA

Voltage (rms)= 400 V

Frequency= 50 Hz

Stator resistance= 14.85e-3 Q

Stator leakage inductance= 0.3027e-3 H

Mutual inductance= 10.46e-3 H

Rotor resistance=9.295e-3 Q

Rotor  leakage  inductance=  0.3027e-3 H
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Fig 4 Blo iagram
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Fig 5 Simulation Model
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Fig 6 Simulation circuit for Ref e'eurrent calculation of APF

VI. Simu|ati0n RESUIt . Sellected signlal: 20 cyclles
For RL Load :Simulation of RI4Jo
carried out and the results are sho Fig
7-9.
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W ® % 4 w15 o Fig. 8 Harmonic Spectrum of Load current for RL
Fig. 7 Simulation waveform of source, Load, Load.

Compensation Current and Capacitor voltage for
RL Load.
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Selected signal: 20 cycles laacaetnd il
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Fig. 11 Simulation waveform of source voltage
and source current for RC Load.
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Fig 9 Harmonic Spectrum of Source current R
Load.
For RC Load

Fig. 10 Simulation waveform of source,
Load, Compensation Current and Capacitor
voltage for RC Load.

Fig. 12 Simulation waveform of three phase
source voltage and source current for RC Load.
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Selected signal: 20 cycles
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Fig. 13 Harmonic Spectrum of Load current for
RC Load.

Selected signal: 20 cycles
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Fig. 14 Harmonic Spectrum of Source current for
RC Load

V1. Conclusion
Simulation of RL Load with and without

APF is carried out and the results are shown
in Fig 7-9. Simulation result of these Load shows that
the total harmonic distortion of source current using
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APF is improved from 23 % to less than 5%. From

fig. 11 it is clear that both source voltage and source

current are in phase so the power factor is

improved.Simulation of RC Load with and without

APF is carried out and the results are shown in Fig

10-14. Simulation result of these Load shows that the

total harmonic distortion of source current using APF
is improved from 37.12 % to 1.14%.

References-

[1] B. Singh, K. Al-Hadded, “ A Review of Active
Filter for Power Quality Improvement” IEEE
Transactions on Industrial Electronics, vol. 46, NO.
5, pp. 960-970, Oct. 1999.

[2] M. Antchev, M. Petkova, “Single-phase shunt
active power filter using frequency limitation and
hysteresis current control,” in Proc. [EEE PESC’ 07,
2007, pp. 97-102.

[3] Gy, Chen and D. M. Divan, “Simple topologies for
single-phase AC line conditioning,” in Conf. Rec.
IEEE-IAS Annu. Meeting, 1991, pp. 911-917.

4] S. D. Round and N. Mohan, “Comparison of
frequency, time domain neural network controllers
for an active power filter,” in Proc. IEEEIECON’93,
1993, pp. 1099-1104.

[5] J. Nastran, R. Cajhen, M. Seliger, and P. Jereb,
“Active power filter for nonlinear AC loads,” IEEE
Trans. Power Electron., vol. 9, pp. 92-96, Jan. 1994,

[6] D. A. Torrey and A. M. A. M. Al-Zamel, “Single-
phase active power filters for multiple nonlinear
loads,” IEEE Trans. Power Electron., vol. 10, pp.
263-272, May 1995.

[7]1 C. Y. Hsu and H. Y. Wu, “A new single-phase
active power filter with reduced energy storage
capacitor,” in Proc. [EEE PESC’95, 1995, pp. 202—
208.

[8] C. Y. Hsu and H. Y. Wu, “A new single-phase
active power filter with reduced energy storage
capacity,” Proc. Inst.  Elect. Eng.—Elect.
PowerApplicat., vol. 143, no. 1, pp. 25-30, Jan.
1996.

[9] D. E. Steeper and R. P. Stratford, “Reactive
compensation, harmonic suppression for industrial

© 2016, 1Journals All Rights Reserved Page 41




IJournals: International Journal of Software & Hardware Research in Engineering

ISSN-2347-4890
Volume 4 Issue 9 September, 2016

power systems using thyristor converters,” |IEEE

Trans. Ind. Applicat., vol. 12, pp. 232-254, May/June
1976.

[10] H. Akagi, E. H. Watanabe and M. Aredes,
Instantaneous Power Theory and Application to
Power Conditioning, U.S.A., IEEE PRESS, Wiley &
Sons, Inc., Publication, 2007.

© 2016, 1Journals All Rights Reserved Page 42




