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Feed back linearised control based three
Phase shunt active power filter

ISMAIL Ghadbane and MOHAMED TOUFIK Benchouia

Abstract — This paper presents a simulation study of Feedback
linearised Controller of the DC bus voltage and currents of three
phase shunt Active Power Filter (APF).The Feedback controller is
introduced to improve tracking performance characteristics, power
quality and minimized consumption of the reactive power. The
algorithm used to identify the reference currents is based on the Self
Tuning Filter (STF) for application of The method of instantaneous
active and reactive power

Keywords — Harmonics, shunt active filter, Feedback linearised , total
harmonic distortion

. INTRODUCTION

Power electronics devices have been widely used in recent
years, while they are convenient in use they cause several
power pollutions just like electrical harmonics and low power
factor. In high power systems, most electrical devices use
three-phase symmetrical power system. But in medium and
small power system, single-phase eectronic equipments are
widely used in domestic, educational and commercid
appliances, such as computers, communication equipments
and dectronic lighting ballasts, etc. These equipments
normally have a diode rectifier to convert ac electricity to dc
and filter by a huge capacitor.. These equipments behave like
nonlinear loads, generating harmonics and cause
electromagnetic compatibility problems. For the devices with
an alternative input such as: rectifiers, Ac voltage controllers,
indirect frequency converters...,, the wave shape of the
absorptive current of the network is non-sinusoidal. In
addition to the fundamental component, this waveform
presents harmonic contents which are, in certain cases, very
important. These harmonics are propagated from the load
towards the network and generate harmonic voltage drops
which are added to the fundamental component of the voltage
delivered by the network. The result is a form of affected
wave, which contains also of harmonic contents; this affected
wave can, as mentioned before, cause serious problems of
electromagnetic compatibility. Many solutions have been
studied in the literature to mitigate the harmonic problems,
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such as filtering (passive, active, and hybrid) with various
topologies (shunt, series or both) [6] Industrial and domestic
equipments actualy use a large variety of power electronic
circuits such as switch mode power converters, adjustable
speed drives, rectifiers and dimmers. These ones lead to
significant energy savings and productivity benefits. But
unfortunately, they also present non-linear impedance to the
supply network and destroying equipments and disturbances
of communication equipments and precision instruments [1].
So, it is necessary to develop techniques to reduce al the
harmonics as it is recommended in the IEEE 519-1992. The
first approach consists in the design of LC filters. But, passive
filters are not well adapted as they do not take into account the
time variation of the loads and the network [1], [2]. They can
also lead to resonance phenomena. The active power filter
(APF) can solve the problems of harmonic and reactive power
simultaneously. The theories and applications of active power
filters have become more popular and have attracted great
attention since two decades ago. Since its introduction some
twenty years ago, the Active Power Filter APF presents a good
solution for disturbance treatment, particularly for harmonic
currents and/or voltages. APF is an up-to-date solution to
power quality problems. The shunt APF allows the
compensation of current harmonics and unbalance, together
with the power factor correction, and can be a much better
solution than the conventional approach (capacitors and
passive filters)

The performance of the APF is determined by the kind of
control used. It is more emphasized when the voltages of
electrical network contain harmonics and/or are unbalanced.
Moreover, the Self Tuning Filter STF is proposed for
extracting harmonic currents instead of classica harmonics
extraction based on High Pass or Low Pass Filters[4], [5]. The
three phase currentsvoltages are detected using
current/voltage sensors. The inverter currents are controlled by
using hysteresis comparators,. The hysteresis control is
characterized by its simplicity and its intrinsic speed..
[11[31[7]

I1. SHUNT ACTIVE FILTER STRUCTURE
Fig.1 presents the schematic diagram of the three- phase

active power filter and the associated control strategy for
harmonic mitigation

The power part is composed of an inverter, a filter of
coupling Rf Lf and a capacitive element used as source of
energy for APF. This element must provide a voltage of quasi-
constant value. The fluctuation of this voltage must be weak.
The other part is used for commutation control of the
Semiconductor elements of the inverter in power part. By
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means of control strategies well adapted, it is possible to
generate harmonic signals in the output of the inverter, which
are used to compensate those present in the distribution

network.
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I1I-HARMONIC ISOLATION ahe
Akagi [1] proposed a theory based on instantaneous '

values in three-phase power systems with or without neutral I%L.
wire, and is valid for steady-state or transitory operations, as
well as for generic voltage and current waveforms called as [;,15

I nstantaneous Power Theory or Active- Reactive (p-q) theory
which consists of an  agebraic transformation (Clarke
transformation) of the three-phase voltages in the ab-c
coordinates to the a-f3 coordinates, followed by the calculation i 4 ahe
of the p-q theory instantaneous power components by :
eliminating the DC component of the instantaneous active ]‘%L"
power (corresponding to the fundamental component of load
current) using a selective Filter STF, so the harmonic U‘B
components can be identified. Figure 3 shows the modified
scheme for the identification of reference currents during L |
simultaneous compensation of harmonic currents and reactive
power using the method of instantaneous power by using STF

Fig. 2: The method of instantaneous active and reactive power
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This method is based on measuring the instantaneous
three-phase variables present on the grid with or without zero-
seguence components. This method is valid both in steady-
state phase. In this control agorithm (Figure 2), measurements
of voltages and currents expressed as a three phase (abc) are
converted to two-phase system (o-f) is equivalent to using the
transform from Concordialeaving the power invariant:

a0 [d-U2-U2 g2 00O
&, o 33)@/2-\/5/29@3

é AN
eja@_ 28-V2-12 VO
V3% Va2 JarAEwy

UgLC

In the presence of harmonics, the power is composed of three
parts: active (P), reactive (Q) and deformed (D) as shown by
the following equation:

SZ\/P2+Q2+D2 €)

The instantaneous active power, denoted P (t) is defined by the

following equation:

= ' I 4
P(t) = Valg +Vglg *Vale @
Can be written in the stationary reference:

P(t) = Vsa isa + Vsbisb ©)

Similarly the instantaneous imaginary power can be written as

follows:
Q(t) =- %3[(\/9- Vda)ilc+(vsb_ Vsc)ila+(Vsc' Vsa)llb _Vsa'lb Vsbila (6)

Q power a broader meaning than the usual reactive power. In
fact, Unlike the reactive power, which considers only the
fundamental frequency, the imaginary power takes into
account all the harmonic components of current and voltage is
why it is given adifferent name (imaginary power) as a unit
with the volt-ampere imaginary (VAI).

The part of therélations (5) and (6), we can establish the
following matrix:

ép g_élﬁ VSb ';éa@ (7
e 0=é ﬁ u
g 6§V ValEnd
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n the genera case, each of the powers p and g has a
continuous part and part aternative, which allows us to write
the following expression

®)

with: P Continuous power related to the fundamental
component of active power and voltage, 0 Continuous power
related to the fundamental component of reactive current and
tension, p and q Powers of aternatives related to the sum
of the components of disruptive current and voltage.
By inverting therelation (7), we can recalculate the currentsin

the coordinate a 3 as shown in Equation

éa u 1 évsa " Vs l;'ép l;l
& 0= 2 € ue u 9)
@l VatVeo 80 Va pged g

Considering equations (8) and (9), we can separate the
current benchmark in the three components, active and
reactive at the fundamental frequency and harmonics. This
leadsto:

Finaly, it is easy to obtain the reference currents al ong the
axes abc by the inverse transformation of Concordia

éag 1 éla -Vbl\;j, u (10)
e, U=—> sé Ué_u
80 X +t% @b Vagdi
o é1 0 0
& al é-1 /3 0., .
€. u 26 —— I:Ig aL,J (11)
ab(= géz 2 e, 0
&, d e-1 . 3uerd
€ °u &5 U
e 2 U

The self tuning filter is the most important part of this
control which allows to make insensible the PLL to the
disturbances and filtering correctly the currents in a-f
axis.Hong-scok Song [6] had presented in his PhD work how
recovered the eguivalent transfer function of the integration
expressed by The block diagram of the STF tuned at the
pulsation wc is shown in the figure 5. The transfer function of
thisfilter is:
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H(s) =

According to the a-p axes, the expressions linking the
components FMV output _ to input Xap components are:
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(13
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We obtain the following block diagram for STF
X, X,
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Fig 3. Self Tuning Filter

IV . NON-LINEAR CONTROLLER SYNTHESIS

The dynamic equations of the active filter in the stationary
reference are given by:

: dVdc — p;c

1 dt Cdcvdc

:l di,, _ R, i +Vfa-VSa

o dt L, " L, ”
ide o R Ve-Vy

. - fa

fodt L, L,
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In this control strategy, we have three outputs to regul ate.
A- subsystem 1

Vdc pdc
dt  CuV,
Thefirst sub-system of order 1, is characterized by its state,

The equation describing this subsystemis:

X =V, anditscontrol : U= P, We can write the equation

asfollows:
x= f(X)+g(x)u (16)
1
f(x)=0 and =
(x) 9(x) C.Vs
B-Subsystem 2:
The equation describing this subsystem is:
_‘I_ di fa _ Rf | +Vfa - Vsa
| - T ta T
i dt L, L,
I . 17
i dig —-&i +Vfb'Vsb &)
fadt L, " L

The second sub-system of order 2, is characterized by its

vector state X = [i a 1 ]t and vector control is

u= [V*fa Vi, ] " We can write the system of equations (17)

under the form: X = f (X) +g(X)u When:

2 1
<)-3:1(X)u b andg<x)=g* G U9
SO ER, 1 g LU
6L é”g & L

Now we will apply the state feedback control on models
(17) and (18)

C-DC voltage controller synthesis
The voltage regulation V4 is provided by the subsystem1.

To achievethisobject requires we must choose y=V 4. as
output, then, we seek its relative degree.

y =Ve = h(x)
Nh:m:ﬂvdczl
™ AV,

Its derivativeisgiven by :
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_Th

=4 X=""_= 20
X =20 = (109 + g00u) (20)
And as Lie derivatives, we write:

y =L,h(X) +L;h(X)u 1)
With :
L,A(X)=0 , Lh(X)= -~
dc Ydc

it follows that:

v = : (22)
y - Cdcvdc Pdc
the law of order is expressed by :

) L h(X) +v)=C_V.

e Lh()( (X) +Vv)=C,, 23)

d

V= kv (Vdc Vdc)+ t dc (24)
V= kv(\/dc - Vdc) (25)

B-Non-linear current regulator
From the second subsystem, we will construct the
command that regulates the currents of the active filter.

iandiy, thesetwo currents must follow their references
1% Output :

Y, =i =h(X) P Nh =[10]
Its derivativeis:

1
= () +—V

(26)

Theorder v, appearsin the expression of the first
derived one (23), therefore the rel ative degree is equal to 1.
2" Output :

Y, =ig =h,(X)P Nh, =[10]
Its derivativeis:

1.
, = fL,()+—V,
Lf
The relative degree of the second output is equal to
1.Therefore, the total degreeis equal to 2 the linearization
hereisthen exact. From equations (23) and (24), it comes:

(27)

Issue 1, Volume 7, 2013

22

—-

gyl yg = f(x)+ g(x)u (28)
gii 1, @ el,
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6L " L g & Lg

The order obtained from the theory of feed back of stateis
defined by

¢ @l &/, il
. U=g (X)“ f(X)"'é\/Ql'J (30)
i é evau

We find the reIaIion linear following:

8y1 VZH =[v, Vv,]

To impose the static mode on the error, the new entries
must be designed, to ensure the convergence of the currents
towards their instructions, we must take:

V—K(| - )t j'fa
d (31)

Vz =K (Ifb - )t —

—l— —— —

dt Ifb

Coefficients K, and K, are selected in such way that the
polynomials S+K; and S+K, have poles with negative rea
parts.

V1 . Simulation results and discussions

Some simulation results using mode in Matlab-Simulink
and SimPower System Blockset are presented. The harmonic
current and reactive power compensated by APF implemented
in three- phase power systems with the utility power supply
voltage of 100V and current source three- phase diode-bridge
rectifier with R-L loads as the current compensation object.
The design specifications and the circuit parameters used in
the simulation are parameters are used for simulation: Vs= 50
V (rms), Rs=0.1 Q, Ls=0.566 mH, Re=0.01 Q, Lc=1 mH,
Ri1=26.25Q and Riz=17 Q, Le=1mH, Var =140V, C =
1100 pF, HB (hysteresis band) =0.1

To study the performance of the APF, first smulationis
done on fixed load (R.1 & Li) and the filter is switched on at
0.12s.
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done on fixed load (R.1 & L) and thefilter is switched on at
0.12s.

AN

=

AYAYA

AAS

Issue 1, Volume 7, 2013

23

L
Lonnnnnnnn
LUV VY
| A S N S
0 U.‘UQ U‘Uﬁ U‘UB U“UH UFW U.‘W? U“M U‘15 U‘lm 02
Tira g
"o
TV
IR R AR R TR
IR A
AN

mid-
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Fig 5. Power factor correction after applying Non linear control APF.

We see that before the connection of the APF, the mains
current has a same waveform of theload current. At 0.2s, the
APF is connected. mains current will be sinusoidal and exactly
in phase with source voltage.

e EH=2 8 =405
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Fig 6 -Mains current waveform and its spectrum, (@) before filtering, (b) after
filtering.

Still in Fig.7 ab; a spectrum analysis shows that |scurrent
which contained harmonics and a THDi = 24.67%, will have
one spectre at fundamental frequency, all harmonics disappear
and the THDi = 1.79%. To observe the regulating process in
NON LINEAR control method in transient condition and the
dynamics of the proposed APF, the DC side resistance is
changed from Rd1 to Rd2 at 0.2s. It is clear from simulation
results in Fig.8 that we obtain good transient performance of
the source current, DC side capacitor voltage for the non linear
controller and the mains current maintains its sinusoidal
waveform.
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A. Influence parameters on the THD:

The performances of the active filter depend on the type of
order implemented as well as parameters of the system. In this
part, We will study the influence on the THD of the following
parameters: inductance of L and values of capacitor

B.Variation of the inductance of decoupling

This paragraph illustrates the influence of the inductance
of decoupling on the THD of the current of source. For that,
we fix the reference voltage standard Vdc (420V).The
following figure shows that an increase in this inductance
generates areduction in the THD
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Fig.9. Influence Lf inductance on the THD

C..Variation of value of capacitor:

Figure 10. presents the influence of value of capacitor on the
THD of the currents of source. where the THD increasein this
variation value of capacitor, generates areduction in the THD
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Fig. 10. Influence of C on the THD

VII. Conclusion

In this work, we have shown the effectiveness of the
shunt active power filtering especially with the application of
NON LINEARE control and with the application of The
method of instantaneous active and reactive power The THD
of the source current and source voltage after compensation is
well below 5%, the harmonics limit imposed by the |EEE-519
standard. Further studies will examine the opportunity of
implementing a high frequency output filter with the three-
phase inverter. and the power factor was corrected (power
supply voltage and current becamein phase).
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