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Abstract- The studymadein this paper considers the use of direct power control techfi2R€) and fuzzy

logic theory to control ahuntactive power filter(SAPF) These methods are intended to eliminate harmonic
currents and, therefore, reduce the total harmonic distortion (THD) qfoiwer gridcurrent. The principle of

the DPCtechniqueis based on th&astregulation of active and reactive powefo ensura stable active power
exchangeéetween the power grid and the SARRuzzyinferencesystem is adopted for the DC voltage control.
Numerical simulatiog in Matlab/Simulink/Sim Power Systems and a fuzzy logic tool, has been performed and
presented at the @rof this paperSimulation resultsobtained, using Matlab/Simulink environememtd fuzzy

logic tool clearly show the efficiency of the adopted methods.

Keywords- Direct power control (DPC), shunt active power filter, Pl regulator, instantaneous aativeactive
powers, fuzzy logic control.

harmaiics and to make the sinusoidaurce current.
By installing the SAF, the harmonic péition as

The development in the field gbwer electronics Well as the low powefactor in the apply system can
generatesanintensive use of nodinear loads be improve@]. Direct power control (DPC) is the
causingthe circulation of harmonic currenisto Most control strategy used for the control of SAPF. It
electrical power gridsHarmonics reduce efficiency Was first propsed by Ohnishj5] for PWM rectifier.
and powe factor’ increasing losses and Causinahe DPC control comes from the direct torque control
electromagnetic  interference  with  neighboringDTC) proposed by Takahas}@] used in the control
communication hes and other adversonsequences. Of electrical machines. The principle of th®PC
Improving the quality of engy has become a majorcontrol is based on the calculation of the actwvel
researchtopic in the modern electricity distribution reactive powers through theirrent and input voltage
system. Narly 20 years ago, most of theads used Measurements and instantly performs the qrow
by industries and consumers were passive and lineg@ntrol usinga switching table andow hysteresis

with fewernontlinearloads haing less impact on the comparatorg7].
feed systerfd]. The active power exchange must babte by

With the arrival of semiconductors argower insuring a DC voltage equal to its reference so that the

electronics devices and their ease of manhave shunt active power filter operates with a good
caused the wide use oforlinear loads. such as efficiency. This can be carried out by using a control

. - system able to regulate DC voltage. In this paper, two
chopper, inverter and rectifierThe use of these ;| systems of DC voltage acensidered. In the
devices is thanajor cause of harmoniand reactive fjrst type, one will use a Pl regulator whose

power dsturbanes. These induce overheatingtbé proportional and integral actions offer to the system a
transformers, distortion of the supply voltage, the lowinimal overshoot and a good response time.
power factor and the malfunction ohet sensitive In the second type of control, human knowledge is
equipmen{2], [3]. introduced to improve the performancéghe system

To reduce the impadaif these harmonics on thebehavior.The operation of the proposed system has
power system, the active powfdters are installed at P€en verified by simlations — with MATLAB/
the common connectigmoint PCC. The SAPF injects Simulink.
the compensation current to the PCC to cancel the

[. INTRODUCTION
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II. DIRECT POWER CONTROL STRATEGY (DPC)

Direct power control strategy has been proposed 1

by Noguchi. It

to determine thewvgtching states there is nho PWM

block and

instantaneous active and

internal

uses a SWi|

itching
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@

table

current controlloop. The

reactive powers are

compared to a reference value. The refereateve

power is calculated from the output of the DC bus  vawa i ®7

voltage regulator Vdc and the feeence of the

reactive power is set to zero to ensure a unit power

factor as shown in Fig.[&], [9].
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Fig. 1. Block scheme of DPC
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Depending on the instant ersoin active and reactive

powertp, Tq, and the phasangle— position. The
switching state Sa, Sb, arsc of the switches are
selected through twelve sectors switching table,
which may be considered the heart of thectipower
control, as mentioned in Table 1

Tablel. Conventional switching table for direct Instantaneous

dp|dq |01]62(03|04|05|06|07 08|69 010|611 012
1 [0 [v6 | v7 vl |0 [v2 |vT (w3 [v0|vd |[vT [v5 WO

L [ w7 [ vT7 [vO [0 [ v7 | vT [vO [ vO [vT7 [vT [vD [0

0 [0 [v6|vl|vl|{v2|v2|v3 |v3|vd|vd|vS [v5 |v6
Lojwl [v2 (w2 v3|v3 |vd |[vd|v5|v3[ve |vb |vl
v1(100), v2(110), v3(010), v4(011), v5(001), v6(101), vO(000),

It is known that the calculation of the active v7(111)
power P is a scalar product of theoltages and the
currents grid, although the reactive war q is

calculated by a vectgproduct between the VOItagesfrom the eight possible voltage vectors of the filter

and the currents grid. Aee and reactive power are

given by the following expressiorn4.0]

0

0+

=00 0

)

errort g are assumed by the following expression

%’ﬁ= Ni oo
YN = Mg

n
n

@

The application of the appropriate voltage vector

will lead the variation of the active and reactive
power to a specific direction. The influence of each
voltage vector on the variation of the instamtauns

power is different, which induces different control

coupling pointui is located in sectorl. The selection
of the inverter voltage vectors, to construct the
switching table, is based on the sign o fictive and
reactive power errors in each sector.

The phase of the voltage vector of the grid is
corverted into a digitized signak-(angular position)
eg3 The calculation of this position
knowledge of the componends ande , which can s to maintain this voltage at a constant reference
be calculated from thtransformation of the voltagevalue and to generate the reference power for the
sources from the threghase plane abc to theDPC control. The Ptontroller is widely used for the
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Ill. DCBUS BY Pl REGULATOR

The main role of the DC bus voltage control loop
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control of linear systems. Its structusegiven by the
Fig.6[8], [11]:

The transfer function of the closed Ioopres

system is:

W) - - O/ 6(0hLy)
WO 90 6."\2+L'Jf~|."\4-0-9 “‘?+L')f]/6."\4-0-g/26

0y "W 0

(4)

From the equation, the cdigfients Kp and Ki are
identified by the following relations:

Of]: 2.-] '8.6 (5)
Oq= 67 ¢ (6)
Vde-ref : Vde
—Hg —— Kp+ K » l >

S C*§

|

Fig. 3. DC voltage control loop by pi regulator.
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IV. DCFuzzy VOLTAGE CONTROL e tB M ne | ZE L FS L PN P8
MB MB MNB MM MNB MM M3 ZE
A fpzzy co_ntroller has bec_—zn developed. for N e |t o Lo [ s | ze | ps
controlling DCIlink voltage and improves filtering
. M3 MM M NS M3 ZE P3 PM
performance of the SAPF. To do this, we have
introduced the concept of fuzzy logic as shown in Fig —&—"8 MW L NS | 2E | PO L P FW
9 [12]. A fuzzy logic controller is based on a PS MM L NS | ZE | PS | PS L PM | PM
collection of control rules governed by the PM ns | ze | ps [ Pm | Pm | PM | PB
compositional rule of inference applied to maintain PE z£ | ps | pm | Pe | Pm | PE | PB

the constant voltage across the capacitor
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WhereX i Iteration numberDU i command signal.

Fuzzy logic controllers gain interest by many
control system analysis, as well as in the control

algorithm for shunt active power filter applications.
Fuzzy logic controller &s advantages of simplicity in

design procedures that does not need any accurate

mathematical modeling, can work with an imprecise
input of the system and it can also work with ©ion
linearity. This fuzzy controller is very robust than
classical controllersuch as Pl and PID controllers. In
this study, a Mandani fuzzy controller was chosen and
designed with |linguistic
variables for the rule base was selected as, positive
Big (PB), positive medium (PM), positive small (PS),
negdive Big (NB), negative medium (NM), negative
small (NS and zero (ZE). However, fig. depicts the
general structure of fuzzy logic controll@#].

Table 1. Inference table of the fuzzy DC voltage controller

by

minimizing the error between the capacitor voltageV. RESULTS AND DISCUSSION
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Fig. 4. Structure of the DC voltage fuzzy control

The control law of the system is a function of th&

error and its variation:
Y6 = (QYQ(7)
The most generaform of this control law is
defined as follows
Y6 O+ 1 = ¥6 Q + "QYo(8)
The error and its variation are defined as follows:

Q0= YEm© @)

oo dMwm S )
YQQ="09,00Q QQ 1

gI'hee proposed control is simulated using
Matlab/Simulink.  The first simulation presents a
system without step DC variation and the second one
is obtained in order to show the performance of the
active power filter for a DC voltage step variation
occurred at t=0.15 s from 700V to &K under
balance source voltage condition.
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Fig. 5. Line voltage source ardad current
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Fig. 8. Active power behaviors for conventional DPC without
step variation of the DC voltage

T o
<
2
>
3 -5007 29 — Qref
3 0 — Q-DC PI regulator
% 1000738 Qref .
g 60 — Q-DC fuzzy regulator
5
o 0.102 0.103 0.104 0.105
-1500' '
0 0.05 0.1 0.15 0.2 0.25 0.3

Time (S)

Fig. 9. Reactivepower behaviors for conventional DPC without

step variation of the DC voltage
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Fig. 10. Source current behaviors foonventional DPC with step
variation of the DC voltage
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Fig. 11. Harmonic spectrum of the source current using PI
controllerat 0.08 secondith voltage step variation at 0.08
second

Fig. 12. Harmonic spectrum of the source current using PI
controlle at 0.15 secondith voltage step variation

Fig. 13. Harmonic spectrum of the source current using fuzzy
logic controllerat 0.08 secondith voltage step variation

Fig. 14. Harmonic spectrum of the source current using fuzzy
logic controllerat 0.15 secondith voltage step variation

Fig. 15. Active power behaviors for conventional DR@h step
variation of the DC voltage



