Journal of Theoretical and Applied Information Technology
10" April 2014. Vol. 62 No.1 B

© 2005 - 2014 JATIT & LLS. All rights reserved-

" A mmmm—
F7aYTTI]

ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195

ADAPTIVE NONLINEAR CONTROL OF THREE-PHASE
SHUNT ACTIVE POWER FILTERS: POWER FACTOR
CORRECTION AND DC BUS VOLTAGE REGULATION

'A. AIT CHIHAB, ? H. OUADI, °F. GIRI
12 PMMAT Lab, Department of Physics, Faculty of ScienUniversity Hassan Il, Casablanca (Morocco).
¥ GREYC Lab, UMR CNRS 6072, University of Caen Bassemandie (France).
E-mail: *aitchihab.abderrahmane@yahog’fnamidouadi3@yahoo.fffouadgiri@yahoo.fr

ABSTRACT

The problem of controlling three-phase shunt acpresver filters (SAPF) is addressed in presence of
nonlinear loads supplied with three-phase powetsgiThe SAPF-load system is shown to be modeled, in
the (@, B) coordinate frame, by a third-order nonlinearestgtace representation. The control objective is
twofold: (i) compensating for the current harmoracsl the reactive power absorbed by the nonliresat; |

(i) regulating the inverter DC capacitor voltage this end, a nonlinear adaptive controller isedeped

on the basis, on the average system model, usingatkstepping design technique. The controllerade
adaptive for compensating the uncertainty on tHenawn SAPF components and on the switching loss
power. The performances of the proposed adaptimrater are formally analyzed using tools from the
Lyapunov stability and the averaging theory. Theotietical results are confirmed by numerical
simulations.

Keywords: Active Power Filters, Current Harmonics, Reactive Power, Backstepping, Lyapunov Sability,
Average Analysis.

1. INTRODUCTION The modern solution to cope with harmonics
pollution is to implement active power filters
Power grids and distribution networks are expecte@PF). Indeed, compared to conventional passive
to simultaneously interact with a wide variety offilters, APFs feature a higher flexibility, a bette
loads. The latter range from single AC motors (e.diltering capability and a smaller physical size.
in electrical traction) to much more complex plantdhere are various APF configurations but the most
involving several types of machines and powewidely implemented in industrial scale products are
electronics equipments organized in smaller sizéhe shunt configurations. The principle of shunt
subgrids. As a matter of fact, these loads (whatevactive power filters (SAPF) is to cancel the cutren
their size), such as rectifiers, power supplies andarmonics and the reactive currents (generated by
speed drivers, involve nonlinear dynamics thathe disturbing loads) by injecting a compensation
entail the generation of current harmonics and theurrent at the PCC (Fig. 1). Consequently, the
consumption of reactive power. If not appropriatelcurrent harmonics and the reactive currents are
compensated for, the current harmonics and ttmonstrained to only circulate in the load and the
reactive power are likely to cause several harmfuBAPF. In other words, the distribution network
effects e.g. the distortion of the voltage waveforndoes not make part of the loop carrying the current
at the point of common coupling (PCC), and thénarmonics and the reactive current. Doing so, the
overheating of transformers and distribution linesdistribution network is preserved from harmonic
Moreover, the disturbing effect of currentand reactive pollution. This energy quality
harmonics may go beyond the PCC reaching otheequirement is referred to power factor correction
loads and electronic equipments connected to tfPFC). In addition to PFC, there is a second
net, causing boosted ageing of those loads amgberational voltage control objective to be
making harder the synchronization with theachieved. Accordingly, the DC voltage at the
network voltage in applications requiring suchenergy storage capacitor, placed next to the SAPF
synchronization. inverter, must be tightly regulated in order to mak
the SAPF conveniently operate.
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The complexity of SAPF power systems controlThe controller inner loop involves a current
lies in the fact that the above control objectivesegulator designed to cope with harmonics
must be carried out despite the system dynamic®mpensation. The outer-loop involves a voltage
nonlinearity and the system model parametaregulator that maintain the DC line voltage at its
uncertainty. A great deal of interest has been pajbssibly varying reference values. The controker i
to this control problem over the last decadeprovided with adaptation capability making it able
However, most available solutions are limited tdo cope with the uncertainty on the (possibly
the simpler case of mono-phase SAPFs, e.g. [lNarying) switching losses in the inverter.
[2], [3], [4]- The point is that mono-phase SAPFdnterestingly, the controller involves a current
are only useful in low power applications. Theharmonics estimator, designed by the instantaneous
problem of controlling three-phase SAPF powepower technique, making possible online tuning of
systems has been dealt with following thre¢he inner loop reference signal. A second
approaches. The first consists in using hysterest®ntribution of this work consists in designing a
operators or fuzzy logics [5],[6]. These methods dparameter  estimator making possible the
not make use of the exact nonlinear SAPF model idetermination of the time-invariant unknown
the control design. Consequently, the obtainedarameters’; andRy. It is formally shown, using
controllers are generally not backed by formatools from the Lyapunov stability and the averaging
stability analysis and their performances ar¢heory, that all control objectives are actually
generally illustrated by simulations. The secondchieved in the mean. This theoretical result is
control approach consists in using linear contrelle confirmed by several numerical simulations
(e.g. [7], [8], [9]). With linear controllers, optial illustrating additional controller robustness faatu
performances can not be guaranteed on a widéde paper is organized as follows: the control
range variation of the operation point, due to theroblem formulation, including the SAPF
nonlinear nature of the controlled system dynamicsnodeling, is described in Section 2; The time-
The third approach consists in using nonlineainvariant uncertain parameters estimations; the
controllers designed on the basis of the systeadaptive nonlinear cascade controller design and
accurate nonlinear models. The used control desigrerformance analysis are presented in sectione3; th
techniques include passivity approach e.g. [10theoretical performances are confirmed by
Lyapunov design e.g [11] and sliding mode contro$imulation in Section 4, A conclusion and a
[12]. However, the proposed nonlinear controllerseferences list end the paper.

have only consisted in current loops designed to

meet the current harmonic compensatior?. MODELING OF THREE-PHASES SAPF
requirement. Without an explicit voltage regulatio

loop, the DC voltage regulation objective cannot b&he three-phase SAPF under study has the structure
achieved in presence of wide disturbance (eg@f Fig 1. It consists of a three-phase full-bridge
fugitive large load variation). Besides, theinverter and an energy storage capaditQr placed
previously proposed nonlinear controllers aret the DC side. From the AC side, the SAPF is
designed assuming all SAPF parameters to lsnnected to the network through a filtering
perfectly known and the switching losses in thénductor (, R); this reduces the circulation of the
inverter to be negligible. The point is that someyarmonics currents generated by inverter switching.
SAPF parameters are quite ill known (e.gThe SAPF function is to produce reactive and
Decoupling filter resistoRy, leak resistanc&,.). harmonic components to neutralize the undesirable
Also, the switching losses can hardly be ignored asurrent harmonics produced by the nonlinear load.
they act on the DC bus voltage. The DC-AC inverter operates in accordance to the
In this paper, the focus is made on the control afell-known pulse width modulation principle
energy systems that involve three-phase SAPFs a(RWM), [13], [14].

nonlinear loads. A new control strategy isThe notations of TABLE 1 are used in the
developed that simultaneously meets the PF@escription of the system model.

requirement i.e. on one hand, well compensation of . . .
current harmonics and the reactive current’é‘pply'ng the usual electric laws to the three-phase

absorbed by the nonlinear three-phase load and, 8ﬂunt APF one easily gets:

the other hand, a tight regulation of the inveBR¢&r irq () ira®]  [vra(®) Vsa (£)
capacitor voltage. To this end, an adaptive cascad/ej—t irp(®)| = =Ry i@+ |V ()| = [vsp () 1)
nonlinear controller is developed using the ire(t) ire®]  Nvre@®]  |vse(®)

backstepping and other Lyapunov-like techniques.
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55 lsabc . Liabc 1 1 v (0| = %[—1 2 —1] up () (2)
E % E T ! ufc(tg 1—1 -1 2| p@®
1 v - . . . v
< 1 : Cdcd_tdc = Py (#alfa + HUplsp + :uclfc) - R;:Z (3)
1 . 1
Nonlinear load. . L . .
e ':::_-::::::_—: Where the inverter switching functiops (i =a, b
Lq R 1 i -
fr0f ' M‘q@%—' Mc_| ! or ¢) are defined by:
1 irabe 1 p { 1 if S; is ON; S, is OFF
v 4 1 i =) _ : ) . . ] .
: fa vy |Va . Rdc): 1 if Sy is OFF; S is ON
. e ! Substituting (2) into (3) atnd applying the C_onca_rdi
! 4@ _@g 4 SAPE ! transfor.mation, one obtains the filter equations-in
1 | P coordinates:
[

Fig. 1. Power System With Three-Phase Shunt Active

Power Filter.

Table 1. System Model Notations

VUsar Vspr Usc

: PCC network voltage

Lsar Lsbr Lsc

: PCC network currents

Vea, Vrp, Vrc| - AC inverter voltages.
ira, igp,ipc | © AC inverter currents.
Uias Lip, 1 | : LO@d current.

Vsar Vs : PCC Voltage in statia-p

coordinates.

e lrp : Output filter current in statie-p
coordinates.

o g : Fundamental AC inverter current
component (coordinatesp)

rar U : Harmonics AC inverter current
component (coordinatesp)

P : The average power value of the
fundamental active component

q : The average power value of the
fundamental reactive component

P, g :Harmonics power components

Ug, Up, Ue | - Three-phase PWM inverter control
voltage

Ug, Ug : Duty ratios of inverter control inputs
expressed imi-B coordinates

Ve : DC bus voltage

Ly : Decoupling filter inductance

R¢ : Decoupling filter resistor

Cyac : DC bus capacitor.

Ry : C4. leakresistance.

Sij : Switches inverter components

01 : —g

. 2
g, . m

(4)
(®)

a [ira]  -rs[ifa 1 [Ha] 1 [Vsa]

= =711 + — vy i

at lisp Ly ligg 2Lf Hpl  LpVsp
dvgc
dt

Vdc
CdcRac

1 . .
= _ch(:ualfa + #Blfﬁ) -

The equations (4-5) are useful for building up an
accurate simulator of the SAPF. However, it
cannot be based upon in the control design as it
involves a binary control input, namelytq, ug).
This kind of difficulty is generally coped with by
resorting to average models. Signal averaging is
performed over cutting intervals e.g, [13].

The obtained average model is the following:

Xy

[a‘cz] -
wherexy, x, ,Vy , u, andug denote the average
values, over cutting periods, of the signajs, iz
+Vac » Hg @nd ug, respectively. In (6), the mean
value (uq, ug) of (uq, pp) turns out to be the
system control input. To carry out the DC bus

voltage control, the system modeling must be
completed with a third equation describing the

energy stored in the capacitdi;{ = %CdCVdZC). To

this end, consider the total powd,{ ) at the DC
bus:
PDC =PSC+PRdc +PRf+Pnet

Ug

Ry [xl i Ve [uﬁ]

1 [vsoc
Lf Xy

_; Ve

| ®

(7)

Where:

P.., (unknown) switching inverter losses;

Prqc, Joule effect losses power in the leakage
resistanceRp ;

Prs, Joule effect losses power in the resistance
Ry

P,.:, power supplied by the electrical network to

On the other hand, the output voltages and outputaintain in charge the DC bus capacitor.
currents of the DC-AC inverter are given by thet is readily checked that:

following expressions e.g. [13]:
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measurements i.e. output filter currefif,, irp)

i
P =[Vsa ¥ [.f “] = Vegipy + Vg i 8
nee = [Psa Vsf] irp Vsalfa T Vsp lfp (®) and DC bus voltagel{,,).

Prc =it (©) | |
Rpc ; From the state fllter_ equations model (15)-(16¢ th
Prs  =Rslifa irp] [;Z] = R; i, + Ry i%; (10) candidate observer is given by
dE
Ppc dt( Cac dc) - % ) [ ] [ ] + Lf\/lﬂc\/x_3[ZZ] - i [zz;] +
WhereEp denotes the instantaneous energy in thﬁ1 [X1 - f1] (17)
capacitor. Xy — x2

= UgXy + Ug Xy ) + Goxz + B, +
Let x, denote the averaged capacitor energy. Then[ I= 2Cqc 2 (Mas + g 32) + Gta + o

one gets introducing (8)-(11) in (7): ky(x3 — X3) (18)

%3 = (Vsalra + Vsp irp) + (Ry 7y + Ry i25) +Z—?“+PSC (12) With %, (k=1, 2, 3); 6; (i=1, 2) andk; (i=1, 2) are

pe respectively the state estimation, the parameter
estimation and the observer gain
Subtracting the SAPF model (15)-(16) and the
observer model (17)-(18), one obtains:

Using (1), equation (12) simplifies to:

X3 = (Ufaifa + Ufﬁ lfﬁ) + VLZ + PSC (13)

xl _ o~ x1
Using (2), one gets by operating the usual[x =% ] ! [ ] (19)
a/g)raglng (over cutting periods) on all signals |n[x ] = Gyxs + Py — k% (20)
ity = "0 (ugipq + ug ipp) + :LDCC"' Py (14)  with %, (k=1, 2, 3) andég; (i=1, 2) are respectively

the state and parameter error estimation.

For convenience, the model equations (6) and (14)in order to ensure the convergence to zero of the
are rewritten altogether: estimation errors, let us introduce the following

Lyapunov candidate function:
551 _ X1 1 a _i Usa
LJ_UJ%LFqﬁﬂwgbA qhw](ﬁ) Vi= E AR 4% 4 -6+ -5F + P (21)
X3
x=’—ux+ux + 0y%x3 + P, (16)
; zcdf( s ¥ Up Xz) 02 + B The time derivative of the candidate Lyapunov
) ) function is given by:
The system (15)-(16) is clearly nonlinear
. ~ 2 ~ & ~ 2 1 . 2 1 . 2
3. THREE-PHASE SAPF  ADAPTIVE 1 =0+ Bl tXalat i o101+ 6,0, +
CONTROLLER DESIGN 1p.p [22

P
V3 sctsc

The adaptive controller design in this section i
composed of two main components: an adaptive
observer and a cascade regulator.

%ubstltutlng (19)-(20) into (22) we get:

V=—hﬁ—hﬁ—bﬁ+@Ga—@M—
3.1 Adaptive observer design "
Some parameters of the SAPF model (15)-(16) aré
subject to uncertainty, this is the case of the
decoupling filter resistofR;), the capacitor 3.2 Cascaderegulator design

leakage resistan¢®,;.) and the decoupling filter 351 control obj ective reformulation

inductance(L;) whose value may be subject to iy
L oad current decomposition. The decompaosition

uncertainty, following the magnetic saturation. In f the load current aims at emphasizing the current
this section, we present a parameter identifiet th p 9
Igtrmonlcs on one hand, and the active and the

determines accurate estimates of these unkno
?actlve currents, on the other hand. This

arameters, based on the available si n{ij
P 9 ecomposition is needed to formulate the control

e ——
30
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objectives and to design the controller. Presentlyfx;] vsa —VUsg1[P vsa —Vsp1[0
the decomposition is performed using the so-calle&{x;] Usﬁ Vsa ” ] AlVsp  Usq ”(7]
instantaneous power technique, which enjoys a harmonic component reactif component
good compromise between accuracy and lrq
computational complexity [15]. [W]

——
Accordingly, the active and the reactive load’¢ buscomponent

powers can both be decomposed, when the load

currents include harmonics, in a continuoud he signal flow involved in the proposed control

62

component and a varying component, i.e. strategy is illustrated by Fig. 2.
P P+ P vsa Vsg1 [lia 3.2.2. Cascaderegulator design:
ol =la =15 wlfig) @

q+q sB salllip

Inner loop. This is designed to make the current
Solving the equation (24) with respect to the

currents, and rearranging terms, one gets tHEacking errors,
following decomposition: z, =% —x]
. Z; =X —X;
[lla] 1 Usa —VSB] [P] Usa —Usﬁ] [9] + as small as possible. To this end, the dynamics of
q

gl a I’SB Usa AlVsp  Vsa these errors needs to be determined. It follows,
actif component reactif component using estimator model equation (17), that the srror
US‘Z —ng] [P] (25)  undergo the following equations:
1753 Usa 7 ~ [*1 1 — [Ua 1 [Usa
harmonic component [Zz] =0 [Xz] + Lf\/C_d,_- X3 [uﬁ] N ; [Usﬁ] +
With A= vg,” + vp° ‘. — 3 ”
o8]
Control objectives. We seek the achievement of the 2 72 2
two following control objectives: To ensure the asymptotic stability of the

- Controlling the filter currentif, and iz) so equilibrium(zy, z,) = (0,0), consider the Lyapunov
that the load current harmonics and the loagandidate functiofir, defined by:
reactive currents are well compensated for. v, = 1 [Zl] [21]

- Regulating the DC bus voltagE,() to maintain 21221 123
the capacitor charge at a suitable level so th@eriving 1, along (27) yields:

the filter operates properly.

U,
n=[ (-] + = ] -
One difficulty with the problem at hand is that, [22] l[xz] Lf\/rdc\/_?’[uﬁ]
there are three variables that need to be cortrolle, v,
(ile. irq, ipp andVy), while one has only two ;[vsﬁ] [ _xz] [ ]) (28)

control inputs (i.eu, andug). This is coped with .
b o . . Outer loop. This aims at making the voltage
y considering a cascade control strategy involving

two loops (Fig. 2). The outer control loop aims atracking error,
regulating the DC bus voltage. The control signals

generated by the outer loop regulator, denoteg)“S sr)';gall ):133 possible, whexg is the refegﬁz:e
(Ya: Trp), serve as the desired fundamental value of the DC bus voltage. These together with it

. first time-derivative are assumed to be known and
components of the output current filteThese bounded.

components are augmented with the (load Currer\{')Urthermore by respecting the notations presented

harmonic ~and  reactive ~components, ne X TABLE 1, the ac filter currents verify:

denoted( if,, ifp), to constitute the final AC current

referencesx; and x; . Accordingly, one gets the Ta Ga

following reference signals: [l ] [1—] [~] (30)
B el Ll

By introducing (30) into (13), the third SAPF state
equation becomes:

31
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Power (lSabc) (llabc) o N.L
grid net Load

I Crap) ‘ '
« (tape) Active |
| urrent regulator filter 2 |
* * V ;
I (xl’xz)‘. - ¢ Inner Ioopl

P

oy [ — — _——e e = = = = = = - g

| Adaptive > 5 5 Currents referencesl
observe S construction

l (%123, 61,6,)
IState variables estimated and adaptive parameters

____________.-____________I
I *(x*,x*) i Y 7 (2 i5)
Y M\ (e 76) Voltageregulato- “

| ¢ N |
| (i5i5) &+ Outer IoopI

Fig. 2: Synoptic Scheme Of The Cascade Control Strategy.

X3 = [Vra Vrp] [Z—ﬁ] +[Vra  Vrs] [ ] ;ZC Fsc
31 lfaq _ _

On the other hand, in practice state variabfe Pree = [Vra Vrp] [l;—ﬁ] = Vralfa + Vpplyp  (35)

present a very slow dynamic (it is associated ¢ thn order to obtain a stabilizing control law of the

DC bus) then the AC current componenfs § and  error system (34), (27) and (19)-(20), let us

(i7p)- Indeed, the latter are varying at harmsnicintroduce the following full Lyapunov function

load current frequency. Consequently, the contrglandidate:

design is based on the average model,r@tai V =V, +V, + = Sz5+ PSZC (36)

form (31) letting there (vsqiry + vpisp ) = 0.

It turns out that the average DC voltage state i4/ith (23) and (28) deriving along (34), (27) and

given by: (19)-(20), vields:
X3 = Vpolpq + Vrplep + —+ P (33) . - LT
Time derivative of the error voltage gives, usmgV —ki ¥ — kX7 — kX5 + [zz] (_01 [xz] +

(29) and (33) 1 p [ua] 1 [Usa] +k Xy — fl _
. . 2 . J— JE— ~ Ly Cac 3y L vSﬁ 1 x, — X

* f f 2 2
Z3 = X3 — X3 — X3 = vfalfoc + vfﬁlfﬁ + 07X3 +

Py + kpX3 — %3 34 [x])+z Poet + 6ox3 + By + kpXy — %3) +
The switching-loss powerP() is seen as an X 3( net TS T hwe TR 3)
unknown parameter in (34). Indeed, the latter |(sr (Lg  Fxe — Fox )+& (l(;r — %) +
mainly depending on the load which presently iS* o 2t 2y, 2 7373

assumed to undergo a pIeCGWISG constant variation.
sc( sc+x3) (37)

On the other hand, the quantifyy.Tz. + vysisp) Equatlon (37) suggests the following control inputs
stands in (34) as a virtual control. Interestlngly(u wz), which defines the inner regulator:
with (8) and (32) this quantity is nothing otheath = * *’

the electric network power, denoté,,,

transmitted to control the voltage DC bus. Indeed,
with (8) and using (32) one shows tikgf, equals:

e ——
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,ZLdec 1 vsa - The adaptive state observer described by
] [ ] Ly vsﬁ] - equations (17)-(18),
C1Z1 - The cascade regulator including the (inner)
[xz _ xz] [ ] [0222 ) (38)  current control loop defined (38) and (40) and the

(outer) voltage control loop (41), (42) and (45).
It also suggests the following virtual outer Ioopl) The closed-loop system is described in the error
control: coordinates [%, %, X5 z, z, z3 P,. 6, 6,] by the
following equations:

Pret = —C323 — Gyx3 — Py — kX343 (39)
Finally, equation (37) suggests the following [ ] ] B [ ]
parameter adaptation law: x3] = Gx3 + P, — ky%q
01 = =0, = 11(X1x; + %x7) (40) [ ] __ [Clzl]
Gy = =0y = Y2X3%3 (41) ' €222
psc = _psc = —Y3¥%;3 (42) i3 = _i3Z3 5 5
01 ==01 =" (X1x1 + X3x3)

In fact, substituting (38)-(42) in (37) yields: gfz = —f?z = VX33

. Psc = _Psc = —)/3f3

V - _klff - klfzz - sz?? - 61212 - C2Z22 - C3Z§

(43) 2) The above error system has a stable equilibrium
_ _ _ at (X, X, X3 2 2, 73 Py Gy G5] =

Now, asP,,; is a virtual control input, we make [0000 0000 0] with respect to the Lyapunov
use of equation (35) to obtain: function V defined by (36).

[lfa] [vfa —vfg] [Pnet (44) 3) The current tracking errorgz,z,),the DC
g ufa2+vfﬁ Vip  Vra voltage tracking errog;, and the states estimation

Substituting (39) into (44) one gets the followingerrors(¥,, X,, X;) all converge to zero.
expression of the fundamental of the current

references: Proof. Part 1 is readily established putting together

[lf_a] _ equations (19)-(20), 27, 34 and (40)-(42). Part 2
el ™ follows from (43) which show thaV is a semi-
Ve (—c3z3 _2xg B, — k%5 + x;) Qeflnlte negative funpnon of the errot vgctor._tFZﬂr

1 Cdc Rac is established applyimg the LaSalle’s invariant set

vra®+vyp? Vg (_6323_62"; —Ec—k2£3+a’c§) principle. To this end, letZcR° be the set
de Rde (45) wherd/ = 0. One gets from (43) thatZ =

T 9
The adaptive outer regulator thus designed includdtd 0 0 0 (r)10 Ial a as]” € R°}. Alsfo o McZ
the parameter adaptation law (42) and the contr§notes the largest invariant set of the erroresyst

law (45). Its performances are described in th8f Part 1. By LaSalle’s invariant set principle,eon
following theorem. concludes  that [% X, %3 2, 2, 23 P 61 G,
converges, whatever its initial conditions, Nb It

jturns out that¥, %, ¥; z; z, z3]7 is asymptotically

Remark 1. Although the (inner and outer) contro
o~ { uter) vanishing. This completes the proof of the

Iaws (38) and (45) involve a division by and h

vra” + vpp?, respectively, which entails a risk of Theorem.

singularity. However, this risk is purely theoretfic

as in practice the active filter cannot worksxif and 4-SIMULATION ~ AND  DISCUSSION  OF
2 2 RESULTS

Vro” + vpp” are null. In other words, the latter are

nonzero as long as the active filter is carrying-no

. ) The simulations are performed on MATLAB /
identically null currents.

SIMULINK environment. The three-phase network
is constituted by three-phase sinusoidal voltages
connected to a nonlinear load. The latter is
presented by an AC-DC three-phase inverter
associated with aRL load. The numerical values

Theorem: Consider the closed-loop system
composed of the SAPF represented by the mod
(15)-(16) and the adaptive controller consisting of

33
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of the load and the active filter are described bthese values. Therefore, the usual practice cansist
Table 2. in proceeding with trial-error approach.
Doing so, the numerical values of Table 3 are
Table 2. Shunt Apf Characteristics retained. _ o
SARAMETERS VALUES The_ whole simulated control system is illustrated
by Fig. 3
Power  active = 0.022H.
i G 1000 pF. Table 3. Adaptive Controller Parameters
filter
R 0.007Q. c 5107
Rectifier-Load | L 10 mH. c ¢ lat 1 —
R 100 O urrent regulator | c, 5.10
Extraction filter | Order 2 ngzgeer%%g:rtoér C]?'( 1%%%
Cut frequen 218rd/s v v 1
SR k, |1000
. . y, |1000
The inner adaptive control law, the outer regukator 1 1000
and the adaptive observer are implemented using £} 1000
equations (38), (45), (40)-(42) and (17-18), Y3

respectively. The corresponding design parametefdgures 4 and 5 show the shape of the load current
are given the following numerical values of Tablgrespectively in temporal and frequency domains).
3, which proved to be convenient. In this respectt is readily seen that the load current is actuall
not that there is no systematic way, especially ifich in harmonics components

nonlinear control, to make suitable choices for
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Fig. 3: Signals Flow In The Proposed Control Strategy.
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Fig.4: Load Current In Time Domain.
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Fig.5: Load Current In Frequency Domain.

The resulting controller performances are illugttat

phases filter currents track well their references,

by Figs. 6 to 8. Figs. 6 shows that the AC three- VL
confirming the results of subsection 3.2.2 (equmtio  <af

(38)). The resulting network line current is plotte

in Fig. 7 which shows that this current is clearly 505 Gor 661 ooz G0z 03 60w wor Gow oo oow
clean of harmonics, unlike the load current. This i

remakanetinA

_10F
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time in s

Fig 7. Network Currenti{,) In Time Domain
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Fig 8: Network Current(,) In Frequency Domain

estimation error

g o

-0.05

Fig.9: State Estimation Erry.

better illustrated by Fig. 8 which shows the spectr ) estmation error

of the load and net currents. It is seen that &te n

current is mainly constituted by a single

component, situated in 50Hz. The higher frequency w
g

harmonics have well been suppressed

The performances of the adaptive observer are
showed through the figures 9-11. These figures * s oo oo ooz oim oos oom oos oo

us)

show that the SAPF states estimated errors Fig.10: State Estimation Erro¥,

converge to zero. The estimation errors parameters _ emtmation ervor o X
are bounded as expected, confirming the theoretical

result of subsection 3.

current tracking

Fig.6: Output Active Filterif,) Current And Its

Reference
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Fig.11: State Estimation Erro¥;

To highlight the robustness of the proposed control
law, a disturbance is injected (see Fig.12) at the
entrance of SAPF representing a fugitive discharge
of DC bus capacitor. The perturbation introduced
during this validation test appears (see Fig.13) at
time 0.12s. Fig.14 shows the good behavior of the
DC voltage outer loop.




Journal of Theoretical and Applied Information Technology
10" April 2014. Vol. 62 No.1 B

© 2005 - 2014 JATIT & LLS. All rights reserved-

" A mmmm—
F7aYTTI]

ISSN: 1992-8645 www.jatit.org E-1SS817-3195
Perturbation REFERENCES:
V2 ooy [1] Matas J, L.G.De Vicuna, J.Miret, J.M.Guerreamd
deref Voltage Current M.Castilla, "Feedback linearizations of a singheape
controller Controlles active power filter via sliding mode control," IEE

Trans. Power Electronics, vol. 23, pp. 116-125,8200
[2] Etxeberria-Otadui, 1., A.L.de Heredia,
H.Gaztanaga, S.Bacha, Reyero, M.R "A single
synchronous frame hybrid (SSFH) multifrequency
controller for power active filters," IEEE Trarigd.
Appl., vol. 53, no. 5, pp. 1640-1648, 2006.

Fig.12: A Smulation Protocol For Testing The [3] Komurcugil, H. "A new control strategy fornsjle-
Performances Of The DC Bus. phase shunt active power filters using a Lyapunov
function," IEEE Trans. on Industrial Electronies).
53, pp. 305 — 312, 2006.
or [4] Hurng-liahng Jou, Hui-yung Chu & Jinn-Chang Wu,

"A novel active power filter for reactive power

compensation and harmonic  suppression,"

International Journal of ElectronicsVolume 75,

Issue 3, September 1993, pages 577-587

. Published online: 24 Fab 2007.

[5] HAMZA BENTRIA "A shunt active power
filter controlled by fuzzy logic controller for
current harmonic compensation and power

Fig 13: Injected Perturbation.

factor improvement" JATIT, 15th October 2011.
] Vol. 32 No.1
[6] Brahim. BERBAOUI, Chellali.
BENACHAIBA, Rachid.DEHINI,

Brahim.FERDI."Optimization of shunt active
I 1 power filter system fuzzy logic controller based
oL . - on ant colony algorithm" JATIT 2010
[7] B.suresh kumar, K.ramesh reddy, Y.lalitha " PI,
fuzzy logic controlled shunt active power filter
for three-phase four-wire systems with
balanced, unbalanced and variable loads
5. CONCLUSION JATIT 2011,
Abdelmadjid Chaoui, Jean Paul Gaubert, Fateh
Krim & Gérard Champenois, "Pl Controlled
Three-phase Shunt Active Power Filter for
Power Quality Improvement" Journal of Electric
Power Components and Systems Volume 35,
Issue 12, September 2007, pages 1331-1344,
Published online: 19 Sep 2007.
Zanchetta P., M., Sumner, M., Marinelli, F.,
Cupertino "Experimental modeling and control
design of shunt active power filters" Control
Engineering Practice 17 (2009) 1126-1135,
20009.
[10] Escobar, G., A.M. Stankovic, and P.Mattavelli,
(2004)“An adaptive controller in stationary
reference frame for D-statcom in unbalance
operation,”IEEE Trans. Ind. Electron., vol. 51,
no. 2, pp. 401-409.
[11] Rahmani, S., A.Hamadi, and K.Al-Haddad "A
Lyapunov-Function-Based Control for a Three-
Phase Shunt Hybrid Active Filter" IEEE

Fig 14: Outer-Loop Tracking Performances. Capacitor
Energy And Its Reference.

The problem of controlling three-phase shunt actisz8]
power filters is addressed in presence of nonlinear
loads and uncertainty on the SAPF parametggs (
Ryi). The control objective is to achieve, on one
hand, current harmonics and reactive power
compensation and, on the other hand, tight voltage
regulation at the inverter output capacitor. Thi?g]
control problem is dealt with by designing a
nonlinear adaptive controller composed of the
adaptive observer (17-18) and a cascade controller
consisting of the inner control law (38) and the
outer control law (45). It is formally established
that the controller meets its objectives. This fafrm
result is confirmed by several simulations which
further show the robustness of the proposed control
strategy to external tough disturbances.

36



Journal of Theoretical and Applied Information Technology

10" April 2014. Vol. 62 No.1 B
© 2005 - 2014 JATIT & LLS. All rights reserved- T
ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195

Transactions On Industrial Electronics, Vol. 59,
No. 3, pages:1418-1429, 2012.

[12] Ernesto Wiebe, José Luis Duran & Pedro
Rafael Acosta,"Integral Sliding-mode Active
Filter Control for Harmonic Distortion
Compensation” Journa of Electric  Power
Components and SystemsVolume 39, Issue 9,
May 2011, pages 833-849, Published online: 8
Jun 2011.

[13] Krein P.T., J. Bentsman, R.M. Bass, and B.
Lesieutre "On the use of averaging for analysis
of power electronic system,". IEEE Trans.
Power Electronics, vol. 5, pp. 182-190,1990.

[14] Tse, C. K. and M. H. L. Chow "Theoretical
study of switching converters with power factor
correction and output regulation," IEEE Trans.
Circuits & Systems 1, vol. 47, pp. 1047-55,
2000.

[15] Akagi, H., Y. Kanazawa, and A. Nabae,
"Instantaneous reactive power compensators
comprising switching devices without energy
storage components,” |EEE Trans. Industry
Applications, vol. 20(3), pp. 625-630,1984.

37



