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Dynamic Performance of Single Phase Active Powe
Filters Using Virtual Two Axis Strategy

W Hosny
University of East London, UK
wada@uel.ac.uk

Abstract-In  this paper the orthogonal transformation
technique or virtual two axis strategy which was istigated by
Akagi et al in 1984 for three phase power systemsah been
extended by Dobrucky and Pokorny in 1999 for the
determination of instantaneous power in single phas power
systems. This technique is described in detail inwb of the
authors’ previous publications,[2] and [3], by adoping this
technique, an expression for the reference currentised in an
active power filter for the compensation of harmont distortion
and reactive power is derived. This expression is iplemented
by a digital signal processor and results in proviohg an excellent
transient response of the filter which is demonstrzd
experimentally. This excellent response is realizedlie to the fast
evaluation of the filter reference current when thetwo axis
strategy described in this paper is used.

Index Terms—Dynamic performance of active power filters,

harmonic distortion and reactive power compensation
orthogonal transformation technique, single phase @wver
systems

. INTRODUCTION

In this section orthogonal transformation techniqoe
virtual two axis strategy instigated by Akagi et H] and
applied to a single phase power system is brieflylaéned.
This technique was described in detail in two & #uthors’
previous publication, [2]. By adopting this techmdy an
expression for the reference current used in aneapbwer
filter for the compensation of harmonic distorticand
reactive power is derived.

Consider a single phase power system feeding dinmear
load in the form of a solid state diode bridge ifectwith an
inductive load connected the dc side. Adoptingviniial two
axis strategy, the real and virtual componentshef supply
voltage and current can be represented in vectarsfon the
Gaussian complex domain as a symmetrical trajectegyl.
The complex voltage is represented by the brokeculer
trajectory whilst the complex current trajectorgsaming a
square real current waveform, is represented byotinesided
trajectory. Because of the symmetry of both trajges
shown in Fig.1, it is evident that the investigatiof the
voltage and current for the complex power systeruding
both of the real and virtual voltage and currennponents,
could be carried out within a quarter of the peidaime of
the real and current waveforms. Thus Fourier t@amnss
applied for the harmonic analysis of the non-simleo
current could be carried out during this interval.
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Fig.1. Trajectory of the complex single phase @owystem voltage and
current in the Gaussian complex domain

Fig.2 shows the arrangement of the real and vitiralits
of the complex single phase power systems under
investigation. As it is shown in this figure, theat and virtual
circuits should be synchronised by the “SYNC” sigridis
implies that both of the real and virtual composeare
initially equal to zero.

II. INSTANTANEOUS ACTIVE AND REACTIVE
POWER

In this section the use of p-g-r instantaneoustieapower
method described in [1] and [3] for the compensataf
reactive power and harmonic filtering is explain€the
instantaneous active and reactive power equationsthie
complex power system under consideration are ginethe
a-p domain, as described in [1] as follows:

p= Vuiu + V[; iﬁ
)@
a3y - Vpla

Where p and q respectively are the instantasemtive
and reactive powers,\and v; respectively are the real and
virtual (imaginary) supply voltage components apénd j
respectively are the real and virtual (imaginargpmy
current components.



Fig.3 depicts the time variation of p and gtfee complex
single phase power system under considerationhidrfigure
P,y and Qy respectively are the average values of the acti
and reactive power. The instantaneous power fadwris
defined as:

@ = tari* (q/p) )

It is important to point out that the values ofyand® in (1)
and (2) are instantaneous values.

The p-g-r theory is introduced in [4] wheree thurrent,
voltage and power equations are projected in prafating
frame of reference. Fig.4 shows the voltage compiznan
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both of the fixedr-B and rotating p-g frame of reference for a Fig.4. Supply voltage in the complex single phaseer system under

single phase power system. The r-axis is considierée the
zero axis.

In Fig.4, vgis defined as:
Vg = AV, V7 (3)

Angle, 0 is defined as:

0 = tan" (V,/vp) 4
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Fig.2. Real and virtual circuits of the complexgr system
under investigation
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Fig.3. Instantaneous and average values fordtieeap, and
reactive power ,q, of the complex single phase peystem
under consideration

consideration represented in the fixed and rotétmge of reference

Il REFERENCE CURRENT EXPRESSION FOR THE
ACTIVE POWER FILTER

In this section instantaneous expressionghereference
currents for an active power filter to compensate the
harmonic distortion and reactive power in the snghase
power system under investigation are derived. Bezad the
symmetry of the complex voltage and current vectors
trajectories, Fig.1, the average value of the adiind reactive
powers for both of the real and virtual phases ¢&n
evaluated from (1) as follows:

T/4
PREAV = PAvlz =2/T J'(Va|a +V,8|ﬁ)dt
0

(®)

T/4
Qreav=Qav/2=2IT J.(Vaiﬁ = Vi, )dt
0

The real current,,i can be derived from (1) and (3) as
follows:

i = 1g* (Va P - 5 Q)
=1 (Vo (Pav + p) -V5 (Qav + @) ) (6)

In (6), p. and g respectively are the ripple active and reactive
power components, i and Qy respectively are the average
active and reactive power of the complex poweresystnder
consideration.



IV EXPERIMENTAL RESULTS

A test rig was set up to verify the theoratiderivations _—
above. An active power filter is implemented witie tcurrent |AC s |

e

configuration of the experimental setting is shawirig.5. L : L

The single phase power system under expetatien is a 7 - - b
sinusoidal supply voltage feeding a diode bridggifier with | 1 e |
an RL load connected to the dc side. g™ J

The active power filter is a shunt type coisipg of a L ‘ ‘ = o
fully-controlled ac to dc IGBT bridge rectifier tether with a —_— w '
passive filter in the form of an input inductor £ 102 mH and { T —— Ot 1 LGt
a capacitor of 10,00QF connected to the output. Both the 1 S .__,ﬂmm
load and the active power filter are rated at 25AkWhe == = ﬂ ‘

reference in (6) used as an input to the filter #ved digital — i j B
signal processing of the voltages and currentsiigeémented D = S l
using a 32 bit floating point DSP,TMS320C31. The e iy 0 “
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output current of the active power filter is cotied by a ‘_q !
hysteresis comparator to confine the switching fesgy to ]H__;,__\ s — _m n
15 kHz. = | Adie | | N

— fle || Lo
A Seady State Operation T ]

Fig.6 shows the waveforms of the load curretig
compensating current of the active power filter trmelsupply

current. The active power filter performed its task This figure demonstrates the superior dynapnaperties
compensating for the harmonic distortion as theplup of the active power filter under consideration, ngsithe
current is converted to a pseudo-sinusoidal wawefdfhe current reference expression referred to earlieiFig.8, the
top waveform in Fig.6 shows the original supply reat sypply current response illustrates a time lagtista from

waveform and the bottom waveform shows the suppiient the moment of the full load application. This tirteg is
waveform after the implementation of the active poWilter. caused by the filter inductance, L

The middle waveform is the filter reference or cemgating
current.

Fig.5. Block diagram of the experimental setting

B Dynamic Operation — f'3-00§ 5-@@-’ ﬂ-EUNI

The dynamic properties of the active powetefilare
mainly determined by the time required for the catafion
of the reference current for the active power ffilld the
cycle time of the digital signal processor implemaenin
order to execute these computations. Due to therstry of
the complex voltage and current trajectories inGlagissian
domain within the proposed two virtual axis strategig.1,
the reference current computation time is limitecatquarter
of the periodic time of the supply voltage. Thisds to
improvement of the dynamic performance of the actiower
filter due to adopting the reference current corafion
strategy explained in this paper.

The transient response of the voltage adfwessiltering
capacitor when the load is applied is shown inFig.
As it can be seen in Fig.7, the capacitor voltaigs tb about T O
600 V upon the application of the load but the awg# - i
controller responds quickly and brings it backtte teference
voltage Valu_e_ O_f 900 V. the voltage axis in Figs7scaled as Fig.6. Waveforms of the supply current of thegiérphase power
300 V per division. system under consideration before (top) and dfi@tt¢m) the implantation
Fig.8 shows the transient waveforms of thgpty of the active power filter with the shown (middteference or
current, the load current and the compensatingefarence compensating current
current of the active power filter.
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Fig.7. Capacitor voltage of the active powekefilipon the
load application

V CONCLUSIONS

A novel strategy, virtual two axes or orthogb
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transformation technique, is used to yield the censating
current expressions for the active power filter eofsingle
phase power supply feeding a solid state power exanv

I—I full load on £

connected to an inductive load. The compensatimgenti Fig.8. Transient waveforms of the supply curterthe single phase power

equations are expressed in terms of the real athl/supply
voltages and currents. Experimental results detrates the
effectiveness of the novel active power filter cohstrategy.
In particular, the fast dynamic response achievgdthe
methodology described in this paper has been Igigtad.
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