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Abstract: This paper presents a three-phase three-level (NPG%,5], due to power handling capabilities of power
shunt active filter controlled by fuzzy logic curtecontroller to  semiconductors but these inverter are limited dar |

mitigate current harmonics. Shunt active filtethge best solution . .
to eliminate harmonics drawn from nonlinear load exsiplly for power applications. Three-level inverters have been

low power system. For the medium power applicatiomseth successfully employed in medium and high power
level inverter is more used, their advantages @duction of the applications in the last years [6,7], their advgata
harmonic content and diminution the semiconductmisage or gre reduction of the harmonic content and dimimutio
current ratings. The compensation currents adopted of the voltage or current ratings semiconductors.

synchronous reference frame detection method thetsgyood Th troller is th . t of th i
performances under ideal or non ideal voltage ctiads. To € controfier 1S the main part of the active power

maintain dc link voltage constant and compensate gbwer filter operation and has been a subject of many
losses of the inverter a proportional-integral \agje controller is  researches in recent years [8,9]. To improve thE AP

used in the outer control loop. To perform outputitage performances there’s a great tendency to use

delivered by the inverter another controller is addin inner : : : :
control loop for balancing neutral point voltagehd simulation intelligent control techniques, particularly fuzngic

is performed using Matlab-Simulink and Simpowersyste controllers.

Toolbox. The obtained results show the effectiwmésthe In recent years, fuzzy logic controllers have

proposed controller scheme. generated a great deal of interest in certain
applications [5,6]. These advantages are robustness

Key words: Shunt active filter, Three-level inverter, Fuzzgito and no need accurate mathematical model.

controller, Synchronous reference detection methaakrent

Harmonics compensation, AC-DC converter. In this paper, fuzzy logic current controller is
proposed to control the three-phase three-levehtshu
1. Introduction active filter to mitigate current harmonics. The dc

A large part of total electrical energy, produced ilink voltage is maintained constant using a Plagdt
the world, supplies different types of non-lineacontroller and another controller for balancing the
loads. The loads such as AC/DC converters, variableutral point voltage. The performance of the
frequency drives and electronic ballasts draw aiiyre proposed active power filter scheme is evaluated
which does not resemble the grid sinusoidal voltagérough computer simulations for transient and
This load is said to be non-linear and typically isteady-state conditions using Matlab-simulink
composed of odd order currents, which are expresggagram and SimPowerSystem toolbox.
as multiples of the fundamental frequency. The
harmonic current cannot contribute to active powét Shunt activefilter
and need to be eliminated to enhance the power The circuit configuration of the active filter is
quality [1]. Active Power Filter (APF) is the popul shown in Fig.(1), it's controlled to cancel current
solution used to eliminate the undesired curretiarmonics on AC side and makes the source current
components by injection of compensation currents in phase with the source voltage. The source curren
opposition to them [2,3]. The most power converteat the coupling point of the shunt APF will result
used in APF is the two-level voltage source inverteinusoidal [10,11].



4. Control strategy

The control strategy used in this work is based on
the synchronous reference frame detection method.
The principle of this technique is described below
[15,16]. The three phase currents ib and t are
transformed from three phase (abc) reference frame

: s to two phase’s o-) stationary reference frame
“L, H currentsd and p using:
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Fig. 1. Three-level shunt active filter o T o lite

3. Thrﬁla’? _inverter being i _ q (ilsing a PLL (Phase Locked Loop), we can generate
Multilevel inverters are being investigated an@osgeqy and singes) from the phase voltage source

recently used for active filter topologies. Threed| | Vsb, Visc
[ becoming very popular today for mo 2 P -
Inverters are bec _ _ e currents expression and p in (d-q) reference
inverter applications, such as machine drives agd o are qi .

given by:
power factor compensators. The advantages o
multilevel converters are reduction of the harmonic : (@ .
content and minimization of the voltage or current {d} {S'”( est) _C,OseeSt)M!”} (2)
ratings of the semiconductors [12]. cosest)  sinest) ||1 8

Fig. (2) shows the circuit topology of a diode- N _

clamped three-level inverter based on the six mairhe DC quantities and all other harmonics are
switches (T11, T21, T31, T14, T24, T34) of thdransformed to non DC quantities using a low pass
traditional two-level inverter, adding two auxifar filter:
switches (T12, T13, T22, T23, T32, T33) and two -

Iq

neutral clamped diodes on each bridge arm la | _ id *+id 3)
respectively, the diodes are used to make the Iq - 7
connection with the point of reference 0 to obtain 'a T laq

Midpoint voltages. Such structure allows thehe expression of the reference currentfiand p-
switches to endure larger dc voltage input on thief are given by:

premise of not raising the level of their withstand

voltage. Moreover, take phase-A as example, three [ _ref | [sin@g) -cosBest) | id
kinds of voltage levelJdd2, 0 and tdd2 can be { }‘Los@est) Sineest)} [ }
output corresponding to three kinds of switching
states A, 0, B, As a result, there exist 27 kinfls o {ia—ref:l {sin(@est) COSGest)}{i—d + .Nd} 5)

i pref - i q (4)

switching output from the three-phase three-level

| g-ref —cos@st) SinBest)|| i
[13,14]. B-re est est)]| i
Al Bal Pl The reference currents in the (abc) frame are given
BB B by:
et et [ S
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The control strategy scheme based on synchronous

Fig. 2. Circuit topology of three-level NPC invarte reference frame detection method is shown in Fig.(3



current controller has two inputs, error nangeand
change of errode and one output namesi[20]. To
convert it into linguistic variable, we use threz4y

sets: N (Negative), ZE (Zero) and P (Positive).. Fig
= II]_“—FEE (4) shows the membership functions used in
fuzzification and defuzzification. Error is the

difference between filter current and compensate

e 4 current for each phase [21].
Fig. 3. Control strategy The fuzzy controller for every phase is
characterized for the following:
5. DC voltage controller » Three fuzzy sets for each input,

To compensate the inverter losses and regulate the = Three fuzzy sets for each output,
DC link voltage Wc, a proportional integral voltage = Triangular and trapezoidal membership
controller is used in outer loop to determine fine | functions,
current tlos The control loop consists of the Implication using the “min” operator,
comparison of the measured voltageddi#Udc2) Mamdani fuzzy inference mechanism based
with the reference voltageddref[17,18]: on fuzzy implication,

| =K AU +K JAUg.dt (7) = Defuzzification using the “centroid” method.
c,los p dc i c

The compensation of the neutral-point voltage is
required in the multilevel converter to avoid an
unbalanced AC voltage waveform on the AC
terminals. To compensate the neutral-point voltage * s
proportional controller is adopted in the innertcoh
loop. If the average voltage across capacitorisC 0

1 1 1 I I I 1 1 1 0 - - - - - - - - -
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greater than the average voltage across capacifor C Attt s i e

a small negative DC term current is added to the li

current so that in the next source period the afthrg Fig. 4. Membership function for the inputs
voltage in capacitor Cis less than the charged and output variables

voltage in capacitor £ If the average voltagedd is

less than dc2, a small positive DC current can be! N€ fuzzy rules are given by Table (1).

added to the line current in order to increase the e N 7 P
capacitor voltage tt1in the next period. Therefore, de/dt
the additional compensated current for the neutral- N BN [5) BP
point voltage balance is given as:
z BN 4 BP

Fope =LPFU 4, ~U 40K (8) P BN N BP
K is a small gain of the neutral-point voltage Table (1) Fuzzy rules
compensator.

The simulink model of the generated switching

6. Fuzzy logic controller esignals is shown in Fig.(5).

The main component of an active filter is th
current controller. Recently, fuzzy logic controdle
(FLCs) have been interest a good alternative inema
application.The fuzzy control system does not need a -
accurate mathematical modegan work with imprecise
inputs, can handle non-linearity, and are more sbbt
than conventional controllers [19]. Fuzzy logic
control is the evaluation of a set of simple lirgjiai T2
rules to determine the control action. To develup t (e -

1Ah

Udet

rules of the fuzzy logic, we need good understand Lage st
the process to be controlled. The proposed fuzzy Fig. 5. Process of generation switching signals

T3



7. Simulation results and discussion

Fig.(8), shows the source current and injectedeciirr

To simulate the proposed shunt active powdrefore and after filter operation. The correspogdin

filter, a model is developed
MATLAB/Simulink and SimPowerSystems Toolbox.
The active filter is composed mainly of the three-
phase source, three-level (NPC) inverter, a noatine
load (Rectifier & R,L or R,C), and Fuzzy Logic
Controller. The parameters of the simulation arfe: L
=3 mH, C1 = C2=300QF, Vs = 220 V/50 Hz, and
Udc-ref =800 V.

Simulation results are given to illustrate the
system performance based on the proposed fuzzy
logic current controller. Fig.(6) shows the simatht
waveforms of three-phase ac source voltages and
source current before compensation.
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Fig. 6. Source voltage and line current before
active filter operation

The harmonic spectrum of the source current without
APF is shown in Fig.(7).
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Fig. 7. Spectrum of source current without APF (F2B.16)

This current is highly distorted and rich on

harmonics; its THD is equal to 28.16%.
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usingharmonic spectrum is shown in Fig.(9).
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8. Source current and compensated currentdeafed
after active filter operation
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Fig. 9. Spectrum of source current after compeosati
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(THD 1.26%)

Fig.(10) shows simultaneously, the source voltage
and corresponding source current before and after
compensation.
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Fig. 10. Current and voltage source before and afte
compensation
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R
Fig. 14. Load perturbation response of Pl

Fig.(11) and Fig.(12), shows the output line
voltage Ws (V) and output phase voltageat(V)

when the three-level inverter is connect with the

dc voltage controller

o Time (s[;2
Fig. 15. Current source with variable load

Fig. 11. Output line voltage UAB(V)
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Fig. 16. Current and voltage source with variabbel
The source current obtained without active power

filter shown in Fig.(7) is high distorted and ricm
harmonic. After compensation the THD is widely

reduced from 28.16% to 1.26%,

it is nearly

sinusoidal and in phase with voltage source. The PI
voltage controller ensure that the dc voltage cémac

The delivered output line voltage UAB (V) and

is maintained constant and equal to the reference
output phase voltage UAN (V) are shown in Fig. (11)

value Uic-ref equal to 800V after transitional period

equal to 0.05sec.

Time (s)
Fig. 12. Output phase voltage UAN(V)
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The DC output voltages capacitorsidJ Udcy,

Udc2 are shown in Fig.(13).

SR
Fig. 13. DC output voltages Udc, Udcl, Udc2

and Fig. (12), the three-level voltages are 266,66V
400V and 533.33Vcorresponding respectively to

Udd/3, Udd2 and 2Wid/3.

To prove the dynamical response of the Pl controlle The performances of the three-level shunt active
at transient condition, the DC side load is changdiiter based on fuzzy logic current controller arms

from R1 to R2 between 1=0.2s and2=0.3s. It is of eliminating harmonics are very satisfactory. The
clear from simulation results shown in Fig.(14) andHD value obtained after compensation respect

Fig.(15) that we obtain good transient response faiidely the |IEEE standards Norms (THD

the source current and the DC voltage capacitor.

1.26% <

5%).



8. Conclusion automatic Control & Computer engineeringplume

In this paper, a three-phase three-level shunt 3:N°1, 2009, p. 942-955. o
active filter with neutral-point diode C|(,;1rm:)ed[10]M.Sarra, K.Djazia, A.Chaoui, F.Krim,: “Three-phase

topology based on fuzzy logic current controller is 2CUve power fiter with integrator-proportional
dooted t t th ics introd d control”, 3rd International conference on elecittic
adopted to compensate current harmonics introduced ¢ inering2009, p. 506-511.

by non linear loads such as AC/DC converter. TfI?l]B.Sing K Haddad. A.Chandra: “A new control

control strategy used is the synchronous reference  approach to three-phase active filter for harmonics
frame detection method. It's easy to implement and and reactive power compensatip IEEE, Trans.
gives good performances under ideal or non ideal Power Sysf3(1), (1998), p. 133-138.

voltages conditions. The paper is focused on nda2]Hugh Rudnick, Juan Dixon and Luis Moran,
approach’s using fuzzy techniques control. The “Delivering clean and pure power|EEE power &
simulation results obtained using MATLAB- _ Energy magazing2003), p. 32-40. )
Simulink and SimPowerSystem Toolbox shows thd3]A-Munduate, — E.Figureres, G.Garcera,: “Robust
efficiency of the proposed fuzzy controller. The rr;odel-fglloxvmg control ﬁfathrei-level ggutralllprx)
source current after compensation is sinusoidal and clamped shunt active Titer fn the medium voliage

: o . rangé Elsevier, Electrical Power and Energy
in phase with line voltage source. The total harimon System81, (1998), p. 577-588.

spectrum of the source current is widely reducqd4]yun wan, Jianguo Jiang,: “The study of FPGA-based

after compensation and respects the IEEE Norms. three-level SVM NPC inverter’, IEEE, (2009), p.
1470-1474.
References [15]E.E. El-Kholy, A.El-Hefnawy, Hamdy M.Mahrous,:

[1] O.Vodyakho, T.Kim, S.Kwak,: “Comparaison of the  “Three-phase active power based on current
space vector current controls for shunt active powe controlled voltage source inverter ELSEVIER,
filters ", IEEE, (2008), p. 612-617. Electric power and Energy Systems, Z8006), p.

[2] Udom. Khruathep, Suittichai Premrudeepreechacharn, 537-547.

Yuttana Kumsuwan: “Implementation of shunt activd16]S.GH  Seifossadat, ~R.Kianinezhad, A.Ghasemi,
power filter using source voltage and source carren M.Monadi,: “Quality improvement of shunt active
detection”, IEEE, (2008), p. 2364-2351. power filter, using optimized tuned harmonic passiv

[3] Abdelaziz Zouidi; Farhat Fnaiech, Kamal Al-Haddad,: ~ filters”, International ~Symposium on Power
“ Voltage source inverter based three-phase shunt Electronics, Electrical Drives, Automation and
active power filter :-Topology, Modeling and motion, SPEEDAM 200&008, p. 1388-1393.
control strategies”, IEEE, ISIE, 2006, 2006, p. 785[17]Yingjie He, Jinjun Liu, Jian Tang, Zhaoan Wang and

790. Yunping Zou,: “Research on control system of DC
[4] S.Bhattacharya, T.M Frank, D.M Divan, B.Banerjee,: Voltage for active power filters with three-levePRS

“Active filter system implementation”, IEEETrans. inverter’, IEEE, (2008), p. 1173-1178.

On Industry Applications, Vol.4, Issue 898, p. 47- [18]H.B Zhang, S.J.Finney, A.M.Massoud, J.E.Fletcher,

63. B.W.Williams,: “Operation of a three-level NPC

[5] M.Routimo, M. Salo, H.Tuusa,: “Comparaison of active power filter with unbalanced and non-linear
voltage source and current source shunt active powe loads, IEEE, p. 22-26.
filter”, IEEE, Trans. On Power Electronics, Vol.22,[19]T.N.Reddy, ~M.V.Subramanyam, *“Fuzzy logic
Issue 22007, p. 636-643. controlled shunt active power filter for mitigatiaf

[6] O.Vodyakho, T.Kim, S.kwak,: “Comparaison of the harmonics with different membership functions”,
space vector current controls for shunt active powe International Conference on Advances in Computing,
filters ", IEEE, (2008), p. 612-617. Control on Advances in Computing, Control and

[71 O.Vodyakho, D.Hackstein, A.Steimel, T.Kim,: Telecommunication Technologi€§)09, p. 616-620.
«Novel direct current-space vector control for ghur{20]Jiang You-hua, Chen Yong-Wei,: “Neural network
active power filters based on three-level invertgrs control techniques of hybrid active power filter”,
IEEE, (2008), p. 1868-1873. International Conference on artificial Intelligenead

[8] Guiying Liu; Shiping Su; Peng Peng,: “Intelligent ~ computational intelligence2009, p. 26-30.
Control and Application of All-function Active Powe [21]S.Saad L.Zellouma, “Fuzzy logic controller for tere
Filter”, IEEE, International Conference on Intelligent level shunt active filter compensating harmonicd an
Computation Technology and Automatidz008, p. reactive power”Elsevier, Electrical Power Systems
1078-1081. Research 79pp. 1337-1341, 2009.

[9] Kerrouche Soumia, Krim Fateh,: “Three-phase active
power filter based on fuzzy logic controller”,
International Journal of Sciences and techniques of



