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Abstract:

Harmonic current and/or voltage pollution of three phase supply electrical networks is becoming a very serious
problem due to the wide use of non-linear loads such as arc furnace, industrial high power thyristor converters and
adjustable speed drives. These non-linear oads draw current, with high harmonic content which producesa variety of
undesirable phenomena on the power system such as power losses, decrease of power factor, over- voltages, voltage
drop ... Theses disturbances affects can be minimised with the use of active power quality converters connected
directly to the mains network. The authors in this paper propose a new advanced control strategy for a series active
power quality conditioner connected to a three-phase electrical power network with sinusoidal or non-sinusoidal
means voltages. A new definition of residual instantaneous active and reactive power based on the a btransformation
of instantaneous voltages and currents of the AC system are introduced to extract the voltage harmonic references to
control the active power conditioner .The introduction of these componentsin the new control algorithm of the active
power quality conditioner are investigated and compared under non-sinusoidal mains voltage conditions. The main
advantage of this new advanced control method validated by simulations shows that the mainsline currents constitute
always a balanced sinusoidal system when operating under disturbances like flicker, sags, under-voltage...Smulations
have been performed to verify steady and dynamic compensation characteristics in case we have many disturbancesin
the electrical power system.The introduction of these new residual power components lead also to the definition of an
advanced THD power factor that iscompared to the classical one.

These types of control are performed when we hope
extract harmonic current and compensate reactive
power. However, the difficulties encountered for the

In last decade, the proliferation of the non-linear load
such as adjustable speed drive, power electronic like
AC-DC converter, cycloconverter... in a three phase
three wire becomes a very serious problem. These non-
linear load draw current which have harmonics content,
produces a variety of undesirable phenomena on the
electrical power network such as power losses, decrease
of power factor, over current do by resonance
phenomena and voltage distorted.

For reduce and minimisation the harmonics current and
compensate the power factor many control methods
have been devel oped by many seekers. Among these we
found, the instantaneous reference frame method [1],
the adaptive method introduce by [2], the instantaneous
direct and quadrature admittance components yd, yq
method [3] pqg theory [4],[5] and many athers methods
has been developer for perfect the unified power quality
conditioner.

treatment of many perturbation at the same time like
harmonics current, over voltage, sags, over current,
...etc, isbecomes avery serious problem because:

v' The use of a passive filter to extract harmonic
components of all the non-linear load in al the
control methods is not accurate. Moreover, it is
very difficult to take out harmonic and sub
harmonicsthat are near the fundamental sine wave.

v’ Every type of perturbations should be treated
separately and every case requires an adequate
control that leads to complex identification
algorithms and treatment of the phenomena.

For eliminate these inconvenience, we propose a new
control strategy which can correct and eliminate
disturbances like voltage drop, sags, over-voltage ... by
use a series active power conditioner.



This new control strategy is a derived from a classical
control introduce by [4] and [5], by used the
instantaneous active and imaginary power with the ab
transformation of voltages and currents, but without use
a passive filter in the control to extract the continuous
components of the power.

The choice, for don't used a passive filter is very
important, because instead of to extract completely the
continuous components we preferred treat it like a
harmonic. This is possible, if we research the common
point of al the perturbations, we must unify the
maximum disturbances at a same theory. The maor
advantage we can observe if we use this strategy, is that
we can with only one control, to extract and treat many
perturbation at the same time, then the supply voltage
will works always at the nominal value and we obtain a
minimum losses in lines, transformators ...

2 Circuit configuration adopted and basic of the new
control

In general for the treatment of perturbations like
currents harmonics or reactive power we used parallel
active power filter, however, if we hope treat other
perturbation like sags, over voltage, voltage drop, ... the
most better is to use series active power filter. For this,
we choose for the variation of current do by the
variation of voltage a series active power filter.

2.1 Scheme Principe

Fig. 1. Give the principle scheme of the electrical
system, which is composed of a three phase’s source
connected to a non-linear load, in this case we used a
rectifier, and a series active power quality conditioner
connected in series with the electrical network.
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Fig. 1. Principle Scheme of electrica system with a
series active power quality conditioner

2.2 Basic of the New Control

The principle idea of use the new control isbased on the
analysis of the instantaneous active and imaginary

powers to compensate variations come from a supply
voltage like over voltage, voltage drop and flicker in the
case of athree phases balanced voltage system Fig.2.
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Fig. 2. Principle Scheme circuit of series active power
conditioner control

We observe that, when the network is balanced and
without any harmonics, the instantaneous active and
imaginary power theory in ab co-ordination are
constant. Moreover when a variation of the sinusoidal
voltage or line current occurs, we obtain a new but
always a constant value of the instantaneous active and
imaginary powers.

Then the basic of this new control method consist to
investigate this change of the instantaneous active and
reactive power when the network is subject to a non-
linear load or other sources of perturbation.

The voltage and current of three phases are expressed
by:

Vi=+/2 (Misource - dVisourcd SN(Wt - (K- 1)%) 1)
i =20
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Avec k=1,2,3.

The instantaneous values of active and reactive power
are given by the following equations:
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with v, ,V, ,i,,i, areobtained fromtheab
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To put eq.l, eq.2 and eg.4 in eq.3 and with some
development we obtain eg.5 and eq.6 :
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The instantaneous active and imaginary powers of the
eg.5 and eq.6 can be decomposed in two principle

components, the first one is Prgg and Treql

representing respectively the continuous active and
imaginary power and the second terms E’r cal and area]

represent respectively the harmonic components of
active and imaginary power. So, the instantaneous
active and reactive power can be rewrite asfollows:

p=p+p @
q=q+q ®)

In the same time, the control must calculate the optimal
values of the synthetic instantaneous active and
imaginary powers named represented as pypr and Qopt
obtained from the optimal theoretical voltage Vop and
optimal theoretical fundamental currents of iy SOurce
take out from the real current circulating in the network.

We obtain:
Popt :3Vopt|opt COS}j opt :Bopt 9)
Uopt=3Voptlopt sinj opt :qC)pt (10)

with Ept and apt represent respectively the active an
imaginary continuous components d ideal theoretical
network with no harmonics.

We calculate after, the difference of the two power
equations (7) with (9) and (8) with (10). We get:

P=Dgpt “Prea (11)

Q: qopt'Qreal (12)

Then we can write:

P= popt - Ered - preal (13)
Q=5 Gt ~ e (a4)
While putting:

® =Pop Prea (15)

dq =Copt-real (16)

where @ and Dq represent respectively the active and

reactive residual power of the continuous components.
We obtain:

P=dp - Prea 7

Q=dq - G req (18)

The advantage of this method isthat the residues of the
instantaneous active and imaginary continuous powers
named respectively ¢y and g are taken into account.

These components are very important because there are
include in the treatment of all variation of the
fundamental voltage, like sags, voltage drop, ...

Then the new reference voltages of the series active
power conditioner are calculated by the following
expression:
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3 Simulation and inter pretation

For to validate this new control strategy for extracts the
voltage reference, three simulations have been
presented.
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The first simulation concerns the magnitude variation of
voltage source flicker presented by the Fig.3a
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Figure 3: voltage and current source before and after
compensation flicker

We remark that the series active power filter is injected
the voltage figure 3b for compensate the variation of
voltage. So, the source voltage will become constant
and the non-linear load will be work with an optimal
voltage Figure 3c.

The second simulation concerns the magnitude variation
of voltage source when we have a voltage drop
presented by the Fig.4a
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Figure4 voltage and current source before and after
compensation flicker

We remark that the series active power filter is injected
the residual voltage figure 4b for compensate the
voltage drop. So, the source voltage will become always
constant and the non-linear load will aso be work with
an optimal voltage Figure 4c.

We observe from the simulations that the series active

power filter is compensating all variation we can found

in the network and so, their can stabilizer the voltage at
the optimal value.

4. Classical and new indices

Many indices was proposed, among of them the THD
“’Total Harmonic Distortion'’ and PF ‘' Power Factor'’,
these indices was expressed as the following
expressions:

e 2
o= Y&V r = P

\ \/PZ +Q2+H?
These two essential indices are generally used in the
electrical power quality. However, it is not valid when
we use this new control because the variation of the
fundamental current is not taken into account in the
classical control, then we propose two new other THD
and PF definition named respectively ATHD for
“Advanced Total Harmonic Distortion” and APF for

“Advanced Power Factor”, that can be applied in the
new control, there expression are described as follows:

(20
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ATHD = \i=2 (21
V Lref
And
APF = P (22)
'\/PZ +Q2 +H a2
Where
dVresidual :g_ dVﬁizg dVhVh (23
h=1 h=1

dViesiqua Fepresents the change of harmonics voltage in
rmsVaues

Ha = ls \/g. VE+dV residual (24)
h=2

We observe that, if there is no variation of the
fundamental current source, then dViesiqua = 0 and the
formulas (21) and (22) will became the same of
equation (20).

VI. CONCLUSON

New control strategy method of the series active power
conditioner has been presented, giving better results



then those using classical methods. Taking into account
perturbation of variation voltage.

Moreover, any voltage fluctuation like flicker, voltage
drop,... can be treat efficiently by the series active
power filter, So, their guarantying stable state and a
nominal load voltage , which was not possible with the
classical one.
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