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Abstract -Many control techniques for three-phase active filters with the aim of improving the power factor and
reducing the current harmonic distortion at the source level exist today and are widely reported in the scientific
literature. Almost all of these methods are designed for a perfect sine-wave source and don’t perform sinusoidal
current when voltages are distorted or unbalanced. The work developed in this paper concerns the active
filtering on a perturbed and unbalanced network. First, the proposed control method is described and validated
by simulations and experimental results, and then the proposed method is compared to the classical control laws
such as the original p-q theory, the modified p-g theory and the p-g-r methodExperimental results are
conductedon a three-wire low power distribution network under perturbed voltage and non-linear loadusing a
DSPACE control system.The assessment is performed on the source currents after filtering, and a comparative
evaluation in terms of unbalance factor and current Total Harmonic Distortion THD;) is carried out for all

methods.

Keywords -Active filter, voltage disturbance, voltage unbalance, three-phase power grid, harmonic distortion,

unbalance factor, direct power control, instantaneous power control

1. Introduction

The increase of the non-linear loads connected to distributed electric power networks leads to an excessive injection of harmonics
and the circulation of reactive power in the distribution lines. These periodic but non-sinusoidal currents circulate through the

impedances of the grid and give rise to non-sinusoidal voltages that are added to the initial voltage [1]. Consequently, the

© 2018 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/
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degradation of the power quality [2] has detrimkatamsequences on the proper functioning of eksdtappliances and incurs an
additional cost for the installations. This causegere damages that must be fought forcefullyT[Bg ability of shunt active filters
to remove these problems has given rise to a gesgdtof work in recent years and many solutionsehawerged. Most of these
solutions are based on the concept of instantameautive power and on thpeq theory. This approach is particularly effective bu
is based on the assumption of purely sine-wavecsoultages. If the voltage source is distortedh lpower factor and efficiency
are reduced. In this paper, the development ofvalmoethodcalled Direct Control for Active Power (DCABased on the concept
of instantaneous active power and on the computatidhe effective value of the fundamental of soeirce voltages is proposed.
A new definition of desired active current undertpidbed and unbalanced supply voltages is develdpésibased on the active
power to be delivered by the source and the fundéhef perturbed voltages obtained by a Band-fides rather than a PLL.
The PLL extract the direct-sequence voltages sybsignihe DCAP method explicitly takes into accotimt unbalance of voltages
in the calculation of reference currents. PLL isncoonly used in the control of SAPF [4-6] in partanly associated to the D-Q
theory [7-11]. Several works investigated on thkpat response of a PLL under distorted and uniathnitility voltages and
demonstrated that a PLL cannot perform at its dufiusoidal waves in disturbed environment [6]dded, some of its

components require fine adjustments taking intmactnumerous parameters [12].

The DCAP methodakespart of a general methodology applicable in muakige systems particularly in three phase 3-wiregth
phase 4-wire and in single phase networks. Thergeapproach fopolyphase systemescribed iri13], has been the subject of a

patent application1d].

This paper is divided as follow: In section 2, fketive Power Filter APF and its contrethemeare described. In section 3, control
strategies based on the p-q theory, modified pegrih and p-g-r method are presented; the propdsedlP method is also
detailed. In section 4, the application of the DCédhtrol on the three-phase shunt active poweerfi$ studied; the setup
procedure to generate a perturbed voltage souritle TMD = 25%) is described, and the simulation argerimental results are
analysed and discussed through comparative ewvartuafi all considered control methods. This workafiy ends with some

conclusions.
2. Shunt active power filter: Topology and controlscheme

The shunt active power filter (SAPF) is the mostomn solution for the cancellation of current-typgErmonics[15-17]. The
conventional structure of the two-level inverteowh in Fig. 1 is highly widespread for Low Voltagpplications. Fig. 2 shows
the general contraschemeapplied to one phase, e.g. phase (a). It reveadss8ntial functions, first a block to extract the

harmonics and reactive currepy, to be compensated, a current loop and a voltage lo
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Active Power Filter

Qa,b,c HL’]ES

Fig.1. Three-wire grid connected Active Power Filte

Current loop

raf

*

b

=)
regulator

foc

E;.w

Voltage loap

Fig. 2. Generahtrol scheme of the SAPF law

The proposed work mainlpcuseson the design of harmonic extraction block. THmck in its simplest version uses only the

load current as input but it would be possiblede the power instead as it will be explained ingfeosed control method.

3. Control strategies for APF

3.1 P-Q theory in three-phase systems

The p-q theory, initially developed for the thregape systems by Akagi and Hl8], is one of the theories more appropriate to

generate current references in current controfstess[19-23]. It is characterized by a high dynamic responsestaiole steady-

state, and is based on a transformation of curesrdssoltages vectors from theb, ¢ to thea,  frame as in equations (1) and (2).

The instantaneous active powgt) and an instantaneous reactive powg@) are defined expressed in (4), whélg is the

Concordia matrix in (3).

ol =1

The currents to be generated by the SAPF are @ivés) and obtained by the inversion of (4):

|

lra

irg

]=

i la
al _ .
[iﬁ] = Cys. lib]
Lic
[,
Vg a
=C,,. |V
vﬁ] 23 »vﬁ]
Con = \/2 1 -1/2
23 ) \/3—,/2

Vg Uﬁ:l ia
—173 Vg l® LB

1 Vg — Ul;
Va

Vg

vé+vz,

-1/2
—V3/2

I

Pc
qc

]

1)

)

(©)

4

©)

To perform compensation without using energy steragmponent it is good enough to eliminate theaimsineous reactive

power without altering the active power like as (6)
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To eliminate harmonics and reactive power, the sindile powers to be compensated are expressét in (
Gc=q+q
~ 7
{ =D @

Finally, the current references obtainecxiB frame, which take into account the losses in ilter fand the powep, requested

for the DC bus voltage regulation, are formulates):

lra _ 1 [Va Vg ﬁ_pf]
[irﬁ] - vé+v§ [vﬁ Va ] ‘lg+4q (8)

The bloc diagram in Fig. 3 shows the steps to ektree reference currents on e, ¢ frame.

LPF
Vabe Va"g P ﬁ!

iabc 623 l'a,ﬁ

e ‘
!

iy af brabc

Fig. 3. Bloc diagram to extract the current refeembased on the p-q theory

The pr power reference is provided by the voltage lodpwahga quasi-constant voltage Vc across the cagadihe LPF filter

that separates the DC and AC components is sdeat hertz.

3.2 Modified P-Q theory in three phase

The modified p-q theory24,25] is based on the definition of three reactive povaerd an active power, and it is dedicated in

priority for 4-wire systems and formulated in (9).

v Vg U
p [ 0 a B 'l i
q| | 0 —Vgp Vg | ; ©
9o |~ | vg 0 -l l.“
qp l—va Vo 0 4

Its application in 3-wire systems is a particulase from (9) foi, = 0. In this paper, the application aims the actiltering on a

perturbed 3-wire network. Accordingly, # 0 andi, = 0.

It is then possible to eliminate the first columin(®), andthe reference currents are thus obtained by trersion of (9) and are

formulated in (10):

Pc

bal _ 1 [V« —vg 0 vg] [qoc

[irﬁ] B Vgaﬁ.[vﬁ Ve —Vo 0] |Yac (10)
qdpc
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With:

Voap = ’vg +vZ+v;

To compensate harmonics and reactive power, tieeeieée compensation powers are:

Pc =D
dco = 9o
dca = Qa
dcp = 4p

The system of reference currents obtained, if frame is consequently formulated as:

P —py
[ira]_ 1 [va _vﬁ 0 VO] 90
bpl ™ viaplvp Vo —Vo 0]| da
ap

The block diagram in Fig. 4 shows the extractiomedérence currents on thgb, c frame.

p
) PP
abe . va,ﬁ,l) . a0 ir op
. . Eq.9 Eq.12 o
Labe . C33 Lap0 X Qa
— qp
Pf

Lrabe

Fig. 4. Bloc diagram to extract the reference aug®ased on the modified p-q theory

3.3 P-Q-Rtheory inthree phase

(10.a)

(11)

12)

For this method[26-31], two transformations are required. Once the curremes calculated in the, 3,0 frame, another

transformation to the, g, r frame is necessary (12). The pgr-coordinate i®ldged as well as space-vector transformation by

using Euler rotation angle. By using the Euler angkthod with double rotation, the mapping matriceslel results in (12):

iy iy
lg| = Tpqr |ta
i, 7]
with:
Vg Uy vg
1 [ __ Yoap¥p Voaﬁ-va]
qur =—. | Vap Vap
Yoap VoV Vo-VB
lvaﬁ Vap Vap
And:

(12)

(13)
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T,L is the inverse matrix of"

Vap = }vg + v

Note that, in the case of 3-wire system, the zemience component of the phase currents is zerd, & 0, but all equations

_vp. iT = vp_

pqr €Xpressed ifl6.a).

vﬂbCJ_

CB3

The block diagram in Fig. 5 shows the extractiomedérence currents on thaeb, c frame.

bpgr

This methode is based on the difinition of an acpewer and two reactive powers as in (14):

components on the g-axis and r-axis. So only oitag® is calculated on the p-axis that gives:

those of the p-q and p-q modified methods. Thers@t®based on the current compensation presemtie ifollowing.

The reference currents of theg, r frame are then in (15) and recalculated indh@ 0 frame in (16)

lago

W

(13.8)

remain valid and it is not necessary to reduce #giression. Automatically, all components thgietel oni, become also zero.

(14)

In the p-g-r coordinate transformation two conseeutransformations are operated, the purpose @ twib to cancel the voltage

(14.a)

There are two ways for the compensation in thishoett The first is based on power compensation, vhésults are similar to

(15)

(16)

(16.a)



131 Fig.5. Bloc diagram to extract the reference cusrdased on the modified p-g-r theory.
132
133 3.4 DCAP theory in three phase

134  The proposed DCAP patented mettjtd,14] is based on the repartition of sinusoidal and lmdrcurrents in the source side
135 and not on the repartition of equal powers in therse lineslt is developped for a polyphase systadhit has been demonstrated

136 that the fundamental conductance of each phase,ferturbed-phase is then expressed in (17).

G 1= —PS
4 Vi (2K V)
R S
137 f2 Vf2(25(=1 Vf]) (17)
Ps
Gfk

va(Eivy)
138  WhereV; represent the rms voltage value of each of thegehaf the network obtained by filtering.

139  The three phase system is a particular case off¢t kr 3 and the desired currents in the source &iglg,, . for a 3 phase system

140  are formulated as follows:

. _ Pg
(lSda - Vfa-(Vfa"‘Vfb"'Vfc) ' vfa
. _ Pg
141 bsap = 5 o v v U (18)
. _ Pg
Lsdc = Vfc-(Vfa"'Vfb"'Vfc) ’ fo
142 WhereV; represents the fundamental voltage of the netwdokthe RMS value for desired equal currents is:
143 Liga = Logp = loge = ———>—— (19)
sda — ‘sdb — isdc — (Vfa+Vfb+Vfc)
144  Once the sinusoidal active currents desired irsthegcei;, ., . are calculated, the reference currents are delduce
145 iriziLi_iSdi i=a,b,C. (20)
146 P, is the active power to be feeded by the sourcededdced from:
147 P =P, + P (21)

148 P, is the active power required by the load and oleiat the output of a Low Pass Filter after thieutation of the

149  instantaneous power:
150 pL(t) =vg.ig + Uyl + Vel (22)

151 P is the power to be absorbed by the filter and edddr the regulation of the DC bus voltage. kxpressed as:
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Pf = I[O' (Vfa + Vfb + Vfc) (23)

I}, is the RMS value of the required sinusoidal cuség 4, that are calculated by the same way of (18) anudtated in (24).

lloa = i -Vra
Vea(VratVep+Visc)
. _ Pg v
Hob = Vfb-(Vfa+Vfb+Vfc) "fb (24)
. Pr
lioc =

_— .V
VieWVra+Vip+Vee) 1€

The block diagram for reference current extractsom Fig.6. The fundamental waves,,. are obtained at the output of a band-

pass filter (BPF) tuned on the fundamental freqyeAdterward, the squared fundamental voltagesfiitexed with a low pass

filter (LPF) generating thus the RMS valug,, . of fundamental voltage according to the followidefinition where T is the

period of network voltage:

1 T
Viave = 7 Jy Vzape- 40 (25)
iLabc Py P i [
.22 Prp) LPF ) s Fq.18 Lsdabe & Urabe
[
Vabc
Pfilter
1+T;p| Lo
2 L
V. @ ks Eq.23

Vabe BPF vfabc&_‘ LPF \f Vfabc Vfubc
vfabc

Fig.6 Block diagram for reference current extractibCAP method.

Once the current referencés,,. to be injected by the filter are extracted, ssetloop is then designed for the real currents
injected by the filteri; ,,.. The current control loop is presented in Figithw,, being the switching frequency agg,. the

switching signal.

. & Qapc Qabc
Lrabe ! Current Modulator ——
regulatoi | Control

signal

ifabc [ F sw

Fig.7. Bloc diagram for current loop
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4. Application to three phase shunt active power filte control

Fig. 8 shows the studied three-phase shunt actwepfilter system configuration. It consists irtheee-phase voltage source
inverter, three series inductanckg,,. with internal resistanceR,,. and a DC capacitor. The shunt active power fiiger

connected in parallel to the non-linear load whieta three-phase diode rectifier feedingRg, (L) load. AR,L ac reactor is

generally present at the input of this type of load

‘Ea,b_c Ra_.!:_;_—_ ‘iﬁ' CI.:.J}_.(' "D"L“ E-f_ ab.r I
- \ LA 7oy i !
# L R R

2, Vab.c I L

Lfahe

Rfabe

Fig.8. The three-phase three-wire power circuit.
vy, U5, andv, represent the voltages at the source (the oufpamsformer in the real case) with their harmogpressions in
(26). Three large unequal impedanggg . are connected between the source an®the(R,=44.4Q, R,= 35Q etR.=38.3Q)
in series with [,= 45 pH,L, = 20 pH etl., = 21 pH). The load is constituted by a three phiisde bridge that feed a resistance
R, =40.4) and an inductanck,=27.67mH. Three identical impedances are conneattéde ac input of the bridge L= 6,7 mH,
R=0.5Q. The APF connected to the grid via three uneqodiidtances Lf,=12.81mH,L;,=13.72 mH and.;,=10.6mH) in
series with their internal resistancé = 0.2, R;,=0.62 andR;.=0.32). The DC bus voltage is 650V. The maximum voltage

for each capacitor is 400V, for it they are twoaeipors in seriex,=C,=0.6mF. The switching frequency is equal to 10 kHz.
4.1 Voltage perturbation procedure
4.1.a Smulation model

Simulation is performed using Psim tools. The posystem parameters are identical to those in pgarénentation. Harmonic
model for measured real voltages soutge v,, andv; areexpressed like as (26) with numerical values fardamentals and

harmonic components in table.1 for 1,2,3.

v = Zj:1;3;5;7;9;11Aj- sin(j. w.t — ;) (26)
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Table.1 Numerical values for voltages amplitudgsand harmonics phase shifj .

A P1 Az P3 As Ps Az P Aq P9 Apy P11
2 335.4 0 1.27 -43 7.77 171 3.39 -24 0.84 130 0.42 120
Uy 337.4 120 1.28 -2 7.9 53 2.54 104 1.41 138 0.42 -5
Vs 333.¢ 24C 0.8 27¢ 8 291 2.9z -21€ 0.8 15€ 0.14 21z

On no load operation, voltages are initially slighperturbed with values for THD respectively 2,6%5% and 2,5%and
unbalanced with RMS valud«=237.1V, V= 238.5V etVz= 235.7V. When currents before filtering, in Figpass through
the large impedancés, , . having different values, it leads to large unequdiages drops that induce unbalance on the vedtag

Vg p e at thePge in Fig.10.

Fig.9. Source currents amg voltage before filtering obtained by simulated Fig.10. Voltages af’.. andig, source current before filtering

model (50V-5A-5ms/div) obtained by simulated model (50V-5A-5ms/div)

The RMS valuég/; of the fundamental of each voltage decreases beaafithe voltage drop then tiié/D (27) increases for the

same harmonic componéit and voltages become highly perturbed see Table.2.

0
L=V vy
Vr Vr

THDY% = (27)

4.1.b Experimental model

In figure 11abelow, we present the test bench which shows, infgahe inverter with its control based on Dspd€85 card of
a DSPACE prototyping system associated with a FR&# for the generation of the switching patteraxi\the filter reactor in
part B, afterwards the load in part C and theasuremerand acquisition devices in part D. Results arendsd with Teledyne

Lecroy (wavesurfer 3024, 200Mhz, 4Gs/s) oscillogcapd Fluke 438B device.

Figure.11.b illustrates the steps for experimeteat. Voltages supply, ;. and load currents, ,, . are measured as analog
inputs and data are transfered to the simulink redethe card DS2004 A/D converter and DS4003 ¢&dd dedicated for
communication with DS1005 Dspace board for reaktoalculation. The control algorithm of the actfiier is then designed in
Matlab/ Simulink and the control signals obtainédhe output of the simulink model are transferedhite FPGA card also via
DS4003 card. The PWM modulation is carried outheyEPGA card and the output magnitude is adaptedrtonand the drivers

10
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217

218

219

for IGBT semi-conductors. The regulation of curregferences and DC bus voltage is also performetthénsimulink model
compared with the real data of filter curreijtg, . andv, feedback signals measured as analog inputs. Tier®yization of
voltages at the output of the filter and sourcetag#s is automatically obtained because the coatgarithm of the DCAP

method generats reference currents synchronizéudtigétfundamental of voltages extracted by a barss-filter it is no need for

a PLL for this method.

Simulink

0

=
I B p
P Signal adaptation module
052004 ADC 0-5V / 0-15V
Feedback signals: Filter currents and DC bus Voltages

Fig.11.b Steps for experimental procedure.

11



220  Fig.12 shows results for polluted and unbalancdthges at the’.. before filtering. On its turn, the unbalanced agk system

221  induces unbalancing in currents system showinggriB.

1L
T JM
i A

4

: — :
/‘{c va FALRY /—\ et va | pm el
I( s

222
Fig.12. Experimental results before filtering faitages af.. and i, Fig. 13. Experimental results before filtering émurce currents ang,
source current (50V-5A-5ms/div). voltage (50V-5A-5ms/div)

223
224  Table.2 presents numerical values for unbalancéthges source THD and RMS and Table.3 presents memhevalues for
225  unbalanced source current THD and current RMS dtin bxperimental and simulated mode¢gore filtering.

Table.2: Numerical values of THD and voltages RMS before Table3: Numerical values of THD and currents RMS before

filtering obtained from experimental and simulated models filtering obtained from experimental and simulated models
Voltages at Pcc Vg Vp v, Source currents isa ish isc
Experimental THD% | 258 | 133 | 178 Experimental THD % 142 | 129 14.1
Simulated THD % | 254 | 133 17.7 Simulated THD % 14.4 13.3 14
Experimental RMS(V) | 79 | 108 | 965 Experimental RMS(V) | 36 | 3.953 | 3.764
Simulated RMS (V) 79 106.4 95.3 Simulated RMS (V) 3.617 | 3.953 | 3.788

226

227  The current unbalance factoiF before filtering is measured 4.9% on the diagr&aiowsng in Fig.14 according to the European
228 standard EN 50160 based bif% = ;—; whereXd and Xi are the direct and inversequence components of voltages. RMS

229  values of source currents are also presented srrit)il4. Measures are done with Fluke 438 device.

Déséauilibre

o 0:00:10 P e~
A1 funa 3.99 20— PHASE
A 2 fund 3.90
A 3 fund 3.71
Hz 50.01 ;
Sy - 8
BAam -129
A3 -233

0920716 16:01:41 2300 50Hz 38 WYE  EH50160
s I I I
| RUH |
—

231 Fig.14. Current unbalance diagram before filtering

230

232 At this step of work it is shown that the simulaiad experimental modelsefore filteringensure the same performances in
233  terms ofcurrents waveformand numerical values fof HD; and RMSgiven in Table.2 and Table.F3hen, the effectiveness of
234  simulated model under polluted and unbalanced gupptagesis demonstrated and that permit to conduct effeatomparison
235  after filtering between the different methods memédabove

12



236

237

238

239

240

241

242
243
244

245

246

247

248

4.2 Comparison of performances after filtering between DCAP and existing methods
Experimentation is carried out under perturbed Buppltages as shown in Fig.12 above. Fig. 15. shthe system of currents at
the source referenced to the voltage of the phase a. After filtering, the perturbatiohvoltages is reducedrigure 15al,
Fig.15b1, Fig.15¢c1 andFig.15d1 show theexperimentalresults for the four methods after filtering comgeh with their

associatedimulationresultsin Fig.15a2, Fig.15.b2, Fig.15.c2 and Fig.15.d2

Experimental and simulation results after filtering for the four methods
DCAP method | Original p-q method

= T we

TN
ish i |

WX
l Vool I’ish \ |
'/\X AT a7 ¥ (ke ’ [
!\";/}g//\/\/\,'\’f )\ AN

W ﬂ A
| L/ Y /
A\ \j
50V-5A-5ms/div 50V-5A-5ms/div 50V-5A-5ms/div ' 50V-5A-5ms/div
Fig15.al. Experimental results| Fig.15.a2. SimutateEsults Fig.15.b1 Experimental resufts Fig.15%igulation results
Modified p-q method p-g-r method
wome | Lt v

isa

N TA ) VA

" // W,

\ [ \ 4 A\
v V " " \
\w// w’

50V-5A-5ms/div 50V-5A-5ms/div 50V-5A-5ms/div 50V-5A-5ms/div
Fig15.cl. Experimental results| Fig.15.c2. Simulation results | Fig.15.d1 Experimental resulls Fig.15.d2. Simulation results

A m A / ﬂva /Ak e A ,M\ / ﬁ\ {J\
w | " v i \\ i /" \‘« g /N \‘\ / YL APL s / =N /
\ \ ¥ / \ 7\ /

e

Fig. 15.System of currents at the source referenced tedhagev, of the phase a.

Table.4. Comparison of current THD and RMSvalues for all methods after filtering

Experimental Simulation

Method Source currents Source currents

i, ip i, iq ip i.

DCAP THD % 3.2 3.3 3.9 2.8 2.7 3
RMS (A) | 3.83 3.77 3.79 3.78 3.78 3.78

Original p-q THD, % 7.8 8.4 8.3 7.8 8.1 8
RMS (A) | 3.61 3.9 3.7 3.62 3.95 3.8

Modified p-q THD % 6.8 8.2 9.8 8 8 8
RMS (A) | 3.57 3.92 3.75 3.6 4 3.8

p-g-r THD; % 5.2 4.2 6.4 5 4.5 6.2
RMS (A) | 3.57 3.89 3.75 3.63 3.93 3.82

Results given by Fig.15 show tHatr the DCAP the currents system is sinusoidal ileshe perturbation on voltages at the
for both experimentaFigl5.aland simulation Figla2results For the p-gnethodFig.15b1 and Fig.1%2 andfor the modified

p-q method Fig.161 and Figl52 currents arelistortedafter filtering. These two methods do not achieve sinusoidal cierent
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259

260
261

262
263

under perturbed voltages. Rre p-g-r theory in Fig.181 and Fig.152, currents are better than those provided by thieape
modified p-gbut there are not sinusoiddlable.4 gives numerical values for current THD andent RMS for each phase for

both experimental and simulation results.

In term of currents system harmonic perturbatiage A6 gives the comparison between curiigtid for the three-phase and for

the four methods and that shows that the DCAP ndelias the lower distortion on the three phasés.bétter than all methods.

2.2

g 55

4 F 3.6

OCAP =} pq modified par
Fig.16Comparison of performance for current THD
Regarding the balance of currents, the unbalaraterfés measured according to EN 50160 with Flukeickand Fig.Z shows
the unbalance diagram results after filtering folyahe two methods DCAP in Fig.17.a and p-g-r ig.E7.b. The value of the

negative-sequence component is displayed and haswaes of 0.8% for the DCAP method and 5.5% forpgkgr method.

Déséauilibrs Déséauilibre
@ 0:00:06 Op E<E & 0:00:05 R E <
Aifuna 3.82 : Ay funa 356 1) § ! PHASE
A2 funa 379 Az funa 389
H3 fund 3?5 H3 fund 3?4
Hz 49.98 Hz 439,93 0
Ay -360 Ao -358
BAse; -120 GAo -118
SAge -240 GA3s -243
" !
09/15/16 19:34:24 2300 50Hz 38 WYE  EHS0160 09/20¢16 16:25:34 2300 50Hz 38 WYE  EHS0160
Fig.17.a) DCAP method Fig.17b) p-g-r Method
Fig.17. Unbalance diagrams for DCAP and p-g-r afteriftg
)

UF

I Y O I = ]
T

iy

<2% EMS0160 |I I I
L
par

DCAP Pq P9 modified

Fig. 18 Comparison of performance for Unbalance Factor
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A comparison of performancesgarding theunbalance factoVF% in Fig.18 is performed for all studied methods. It is shown

that only the DCAP meet with standards recommeadatiith anUF < 2% .

A summary of performances for the studied methegsésented on Tab.5

Table.5 Summary of performances for all methods based on experimental results

Method Sinusoidal THD; % | Balance of currents| UF %
current or low (Average)| system according td
THD international
standard
DCAP Yes 35 Yes 0.8
Original p-q No 8.2 No 45
Modified p-q No 8.3 No 5.9
p-g-r Medium 5.3 No 55

5. Conclusion

In this workwe have presentealnew control method for active filter applicatiotaking into accountlistorted and unbalanced
supplyvoltages.This method is based on a new definition of desaetive current in the source formulated as fumctib the
active power and the fundamental voltaghfe haveshowingthat in the presence of a highly disturbed andalarited network,
the standard methodsich as the p-q method, the modified p-q methodtla@g-g-r can not perform a sinusoidal currerthat
source side ando not make it possible to satisfy the constrailittated by the standard. The proposed DCAP metbladct of
patent application, can provides sinusoidal cusrent the source side and @8R < 2% that meet with the international standard
in addition to the lowest THD of currembmpared to the standard methodshe model of the proposed control strategy is
validate by simulation and experimental work andsth performances are compared to three other nethypdhe way of
simulation and experimentation. It is shown theesiguity of the DCAP strategy over the existingngtard onesThis general
method can be deployed on single-phase or multgpkgstems with 3 or 4 wires. It's easy to implenmsand does not require

PLL. We believe that it can providelutionsin the case of isolated or embedded systems.
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