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In order to correct the power factor and limit the flow of harmonics in the source, the effectiveness of active power filters associated to control law is no longer to be demonstrated. Almost all of these methods are designed for a perfect sinusoidal source and do not produce sinusoidal current when the voltages are disturbed. The work developed here concerns active filtering on a perturbed network, that is to say the presence of voltage harmonics at the connection point in addition to a system of unbalanced voltages. A proposed method called DCAP (Direct Control for Active Power) is based on new definition of the sinusoidal active currents desired on the source and assuming a unity power factor under perturbed and polluted system voltages that leads to the DCAP control strategy for active filter. This method considers the active power and the effective value of the fundamental of the voltage is described and its results are compared with those obtained by the p-q theory, the modified p-q theory and the p-q-r method for application on a three-wire disturbed and non-linear load distribution network. The comparison concerns the harmonic distortion rate (THD) of the desired currents obtained on the source as well as Unbalance Factor (UF) of the system of these currents.

INTRODUCTION

The intensive use of static converters results in a flexible adjustment of the electrical devices and a better match between the energy needs of the user and the available resources. This comfort translates into constraints on the distribution network which sees an increase in non-linear loads and therefore an excessive circulation of the harmonics of current as well as the presence of reactive energy. Considering the impedance of the distribution network, the voltages available at the connection point are no longer sinusoidal [START_REF] Mcbee | Evaluating the long-term impact of a continuously increasing harmonic load demand on feeder level voltage distortion[END_REF], which leads to a degradation of the quality of electrical energy [START_REF] Masoum | Derating of Asymmetric Three-Phase Transformers Serving Unbalanced Nonlinear Loads[END_REF]. This well-known phenomenon is to be combated [START_REF]IEEE Recommended Practice and Requirement for Harmonic Control in Electrical Power systems[END_REF] and there are today on the market many solutions combining active filters and more or more complex control methods aiming to make quasi-sinusoidal currents for the source with power factor close to the unit. Most of the methods are based on the concept of instantaneous reactive power, which gives good results as long as the voltages delivered by the source are sinusoidal and balanced. Since the voltages possess harmonics, the efficiency is reduced in particular with regard to the power factor. We propose here to develop a method based on the notion of instantaneous active power and the effective value of the fundamental voltage. It is a general method adaptable to the 3-wire or 4 wire three-phase case and also applicable in single-phase. It has been the subject of patent protection [START_REF] Antoine | Application for a patent protection entitled «Procédé de commande d'un filtre actif parallèle pour réseaux perturbés et filtre actif associé[END_REF].

In this contribution we present the active filter in section 2, then, in section 3, we develop our control law called DCAP (Direct Control for Active Power). This method is basically destined for polyphase systems but in this work only its application on three phase 3 wire is presented. In Section 4 we recall the classical approaches based on the p-q theory, the modified p-q theory and the p-q-r method. In section 5 we compare the different methods, based on simulation results, according to a particular scenario in the presence of a very disturbed voltage (THD = 25%) and finally, we end in section 6 with some conclusions.

II. SHUNT ACTIVE POWER FILTER SOLUTION

The most common solution is to use a shunt active power filter (SAPF) running on 2 levels. For low voltage applications it is very simple to define and implement (fig. 1). This solution is applicable in three-phase as in singlephase. The source of SAPF is provided by a capacitor because the average power delivered by the active filter is null. This is related to the frequency of the currents which is different from the frequency of the voltages since the currents are harmonic. However, the converter generates losses and it is therefore essential to control the voltage at the terminals of the capacitor by taking a small power from the network in order to stabilize the voltage across the capacitor.

Figure 2 shows the essential block of the SAPF, the one that generates the currents references. The standard scheme is based on the p-q theory [START_REF] Akagi | Instantaneous Reactive Power Compensators Comprising Switching Devices without Energy Storage Components[END_REF] and shows the calculation of the active and reactive instantaneous power from the two-phase components in  - frame. Depending on the nature of the filters FP and FQ, the reference powers of the active filter are determined and transformed in the reference frame a-b-c. For active power, it is important to take into account the losses in the converter via the filter power Pf. This structure is detailed in section 4.

III. DCAP THEORY IN THREE PHASE

The principle of this method is based on the definition of the desired active currents in the source side 𝑖 𝑠𝑑𝑎𝑏𝑐 when voltages are perturbed. Once done, the reference currents 𝑖 𝑟𝑒𝑓 𝑎𝑏𝑐 are deduced from the difference between the currents absorbed by the load 𝑖 𝐿𝑎𝑏𝑐 and the active currents desired on the source like as in [START_REF] Mcbee | Evaluating the long-term impact of a continuously increasing harmonic load demand on feeder level voltage distortion[END_REF].

𝑖 𝑟𝑒𝑓 𝑎𝑏𝑐 = 𝑖 𝐿𝑎𝑏𝑐 -𝑖 𝑠𝑑𝑎𝑏𝑐 [START_REF] Mcbee | Evaluating the long-term impact of a continuously increasing harmonic load demand on feeder level voltage distortion[END_REF] This calculation is done wire by wire on the instantaneous values and the particularity of the approach lies in the calculation of the currents desired in the source considering the effective values of the fundamental voltages of the network. 

𝑃 𝑠 = 𝑃 𝐿 + 𝑃 𝑓 (3)
𝑃 𝐿 is the active power needed by the load and obtained at the output of a Low Pass Filter after the calculation of the instantaneous power in (4)

𝑃 𝐿 (𝑡) = 𝑣 𝑎 . 𝑖 𝐿𝑎 + 𝑣 𝑏 . 𝑖 𝐿𝑏 + 𝑣 𝑐 . 𝑖 𝐿𝑐 ( 4 
)
𝑃 𝑓 is the power to be absorbed by the filter and needed to the regulation of the DC bus voltage. This method ensures a distribution of the currents in the phases from the active power required for the load by including the losses in the converter. This active power is then distributed over each of the phases as a function of the value of the fundamental voltage of each phase based on the repartitition of sinusoidal and equilibrate currents in the source side and not on the repartition of equal powers in the lines of the source. This method considers an unbalanced tension system ( 5 

With 𝑉 ̂𝑓𝑎𝑏𝑐 = √2𝑉 𝑓𝑎𝑏𝑐 [START_REF] Kim; Blaabjerg | Instantaneous power compensation in three-phase systems by using pq-r theory[END_REF] The fundamental and RMS voltages are obtained by filtering with respectively a band-pass filter (BPF) stalled on the network frequency and a low pass filter (LPF) making it possible to recover the RMS value of fundamental voltage Fig. 3. The RMS value is calculated using the following definition where T is the period of network voltage: 

𝑉 𝑓𝑎𝑏𝑐 = 1 𝑇 √∫ 𝑣 𝑓𝑎𝑏𝑐 2 . 𝑑𝜃 𝑇 0 (8)

IV. CONTROL STRATEGIES FOR SAPF

We propose in this section to recall the most commonly used methods for establishing the current references of the SAPF, ie the p-q theory, the modified p-q and the p-q-r approach.

A. P-Q theory in three phase

The p-q theory initially developed for three-phase systems by Akagi and al., [START_REF] Akagi | Instantaneous Reactive Power Compensators Comprising Switching Devices without Energy Storage Components[END_REF], is one of the theories more appropriate to generate references of current. The p-q theory translates into a high dynamic response and stable steady state. It is based on a transformation of currents and voltages vectors from the 𝑎, 𝑏, 𝑐 to the 𝛼, 𝛽 frame in ( 9) and ( 10) whose an instantaneous active power p(t) and an instantaneous reactive power q(t) are defined that are given by ( 12)

[ 𝑖 𝐿𝛼 𝑖 𝐿𝛽 ] = 𝑻 32 . [ 𝑖 𝐿𝑎 𝑖 𝐿𝑏 𝑖 𝐿𝑐 ] (9) 
[ 𝑣 𝛼 𝑣 𝛽 ] = 𝑻 32 . [ 𝑣 𝑎 𝑣 𝑏 𝑣 𝑐 ] (10) 
With 𝑻 32 is the Concordia matrix in (11):

𝑻 32 = √ 2 3 . [ 1 -1/2 -1/2 0 √3/2 -√3/2 ] (11) 
[ 𝑝 𝑞 ] = [ 𝑣 𝛼 𝑣 𝛽 -𝑣 𝛽 𝑣 𝛼 ] . [ 𝑖 𝐿𝛼 𝑖 𝐿𝛽 ] (12) 
The currents to be generated by the SAPF are given in (13) and obtained by the inversion of (12).

[ 𝑖 𝑟𝑒𝑓𝛼 𝑖 𝑟𝑒𝑓𝛽 ] = 1 𝑣 𝛼 2 +𝑣 𝛽 2 [ 𝑣 𝛼 -𝑣 𝛽 𝑣 𝛽 𝑣 𝛼 ] . [ 𝑝 𝑟𝑒𝑓 𝑞 𝑟𝑒𝑓 ] (13) 
The reference currents in the frame a-b-c are then expressed by inversion of the matrix 𝑇 32 , that is to say by taking the transposed matrix. The input x can be the active or reactive power. 𝑥 ̃ is the fluctuation part of power and LPF bloc the Low Pass Filter.

B. Modified P-Q theory in three phase

The modified p-q theory [START_REF] Fang | Harmonic and reactive power compensation based on the generalized instantaneous reactive power theory for three-phase four-wire systems[END_REF] is based on the definition of three reactive powers and an active power and it is dedicated in priority for 4 wire and formulated as ( 16).

[ 𝑝 𝑞 0 𝑞 𝛼 𝑞 𝛽 ] = [ 𝑣 0 𝑣 𝛼 𝑣 𝛽 0 -𝑣 𝛽 𝑣 𝛼 𝑣 𝛽 0 -𝑣 0 -𝑣 𝛼 𝑣 0 0 ] . [ 𝑖 0 𝑖 𝐿𝛼 𝑖 𝐿𝛽 ] (16) 
Its application in 3 wires is a particular case from (16) for 𝑖 0 = 0. In this paper the application aims the active filtering on a perturbed 3 wire network, then 𝑣 0 ≠ 0 and𝑖 0 = 0.

The reference currents are obtained by the inversion of (16) and are formulated in (17).

[ 𝑖 𝑟𝑒𝑓𝛼

𝑖 𝑟𝑒𝑓𝛽 ] = 

To compensate harmonics and reactive power, the reference compensation powers are in (19).

{ 𝑝 𝐶 = 𝑝 q0𝐶 = 𝑞 0 𝑞 𝛼𝐶 = 𝑞 𝛼 𝑞 𝛽𝐶 = 𝑞 𝛽 (19)
Then, the system of reference currents obtained in 𝛼, 𝛽 frame, is formulated in (20).

[ 𝑖 𝑟𝑒𝑓𝛼 𝑖 𝑟𝑒𝑓𝛽 ] = 1 𝑣 0𝛼𝛽 2 [ 𝑣 𝛼 -𝑣 𝛽 0 𝑣 𝛽 𝑣 𝛼 -𝑣 0 𝑣 0 0 ] [ 𝑝 ̃-𝑝 𝑓 𝑞 0 𝑞 𝛼 𝑞 𝛽 ] ( 20 
)
The bloc diagram in figure 5 shows the extraction of reference currents on the 𝑎, 𝑏, 𝑐 frame. 

B. Modified p-q-r theory in three phase

For this method [START_REF] Kim; Blaabjerg | Instantaneous power compensation in three-phase systems by using pq-r theory[END_REF], two transformations are required. Once currents calculated in the 𝛼, 𝛽, 0 frame, an another transformation to the 𝑝, 𝑞, 𝑟 frame is necessary (21). Note that, in the case of 3 wire the homopolaire component of current is nul 𝑖 0 = 0 but all equations remain valide and it is not necessary to reduce their expression. Automaticly, the components that depends on 𝑖 0 become nul.

This methode is based on the difinition of an active power and tow reactive powers in (24)

[ 𝑝 𝑞 𝑞 𝑞 𝑟 ] = [ 𝑣 𝑝 . 𝑖 𝑝 -𝑣 𝑝 . 𝑖 𝑟 𝑣 𝑝 . 𝑖 𝑞 ] = 𝑣 𝑝 . [ 𝑖 𝑝 -𝑖 𝑟 . 𝑖 𝑞 ] (24) 
Only one voltage is calculated in this method 𝑣 𝑝 = 𝑣 0𝛼𝛽 .

The reference currents of the 𝑝, 𝑞, 𝑟 frame are then in (25) and recalculated in the 𝛼, 𝛽, 0 frame in (26) .

{ 𝑖 𝑟 𝑝 = 𝑖̃𝑝 𝑖 𝑟𝑞 = 𝑖 𝑞 𝑖 𝑟𝑟 = 𝑖 𝑟 + 𝑖 𝑝 .𝑣 0 𝑣 𝛼𝛽 (25) [ 𝑖 𝑟 0 𝑖 𝑟𝛼 𝑖 𝑟𝛽 ] = 𝑻 𝑝𝑞𝑟 -1 [ 𝑖 𝑟𝑝 𝑖 𝑟𝑞 𝑖 𝑟𝑟 ] (26) 
[

𝑖 𝑟𝑝 𝑖 𝑟𝑞 𝑖 𝑟𝑟 ] (27) 
The bloc diagram in figure 5 shows the extraction of reference currents on the 𝑎, 𝑏, 𝑐 frame. Fig. 6. Bloc diagram to extract the reference currents based on the modified p-q-r theory Many study was made on the above mentioned method [START_REF] Herrera | Instantaneous Reactive Power Theory Applied to Active Power Filter Compensation: Different Approaches, Assessment, and Experimental Results[END_REF][START_REF] Aredes | Comparisons Between the p--q and p--q-r Theories in Three-Phase Four-Wire Systems[END_REF] and it was demonstrated that they cannot obtain a sinusoidal system of currents in the source when voltages are perturbed.

In the following we will show how the DCAP method can do it.

V SIMULATION AND RESULTS DISCUSSION

The schema of the power circuit is shown on fig. 7. 𝑣 a ,𝑣 b , and 𝑣 c represent the voltages of the source. Three unequal large impedances 𝑍 𝑎𝑏𝑐 are connected between the source and the 𝑃 𝐶𝐶 . The load is constituted by a three phase diode bridge that feed a resistance three identical impedances are connected at the input of the bridge. The SAPF connected to the grid via three inductances in series with their internal resistances. The switching frequency is equal to 10 kHz. The simulation is carried out using the PSIM software. In order to validate the different methods we choose an unbalanced tension system.

A. Voltage perturbation procedure

Harmonic model for voltages source 𝑣 a , 𝑣 b , and 𝑣 c is in (28). They are slightly perturbed and unbalanced. When currents before filtering, in fig. 8, pass through the large impedances 𝑍 𝑎,𝑏,𝑐 having different values, it lead to a large unequal voltages drop that induce unbalance on the voltages 𝑣 𝑎𝑏𝑐 at the PCC. The RMS value of the fundamental of each voltage decreases then the THD increases for the same harmonic contents and voltages become highly perturbed, e.g. THD=25%, fig. We shows now the results for the four methods after filtering. For the DCAP, the currents system is sinusoidal and balanced fig. 10 despite the perturbation on voltages at the 𝑃 𝑐𝑐 . For the p-q methods, currents system, fig. 11 is not sinusoidal after filtering. Fig. 11. p-q Method 50V-5A-5ms/div For the modified p-q methods, also currents system, fig.12 is not sinusoidal after filtering. For the p-q-r theory in fig. 13, currents are better than those provided by the p-q and modified p-q. In this work we proposed a new method of controlling a SAPF in the presence of a highly perturbed power supply network. The study was conducted in simulation with a fairly large distortion rate at the supply voltages (25%) and a nonlinear load constituted by a diode rectifier bridge. The results show a high efficiency of the DCAP method which in principle aligns the currents on the fundamental voltage. Note that this method does not necessarily require the use of a PLL because we can filter by extracting the fundamental of the voltage as well as the effective voltage.

Fig. 1 .

 1 Fig.1. Three-wire Shunt Active Power Filter connected on the grid on Pcc (Point of Common Coupling)

Fig. 2 .

 2 Fig. 2. Structure of standard control law based on the p-q theory

  𝑡): instantaneous voltage of source at the Pcc 𝑣 𝑓𝑎𝑏𝑐 (𝑡): fundamental voltage of source at the Pcc 𝑉 𝑓𝑎𝑏𝑐 : RMS value of the fundamental voltage 𝑃 𝑠 is the active power to be feeded by the source and deduced from[START_REF]IEEE Recommended Practice and Requirement for Harmonic Control in Electrical Power systems[END_REF] 

  ): { 𝑣 𝑎 (𝑡) = 𝑉 ̂𝑓𝑎 . sin(𝜃) + ∑ 𝑉 ̂ℎ𝑎 . sin(ℎ. 𝜃 + 𝛼 ℎ ) ∞ ℎ≠1 (5) 𝑣 𝑏 (𝑡) = 𝑉 ̂𝑓𝑏 . sin (𝜃 -2. 𝜋 3 ) + ∑ 𝑉 ̂ℎ𝑏 . sin (ℎ. (𝜃 -2. 𝜋 3 ) + 𝛽 ℎ ) ∞ ℎ≠1 𝑣 𝑐 (𝑡) = 𝑉 ̂𝑓𝑐 . sin (𝜃 + 2. 𝜋 3 ) + ∑ 𝑉 ̂ℎ𝑐 . sin (ℎ. (𝜃 + 2. 𝜋 3 ) + 𝛾 ℎ ) ∞ ℎ≠1 And the fundamental voltage of source (6) to be extracted from voltage system at the Pcc { 𝑣 𝑓𝑎 (𝑡) = 𝑉 ̂𝑓𝑎 . sin(𝜃) 𝑣 𝑓𝑏 (𝑡) = 𝑉 ̂𝑓𝑏 . sin (𝜃 -2. 𝜋 3 ) 𝑣 𝑓𝑐 (𝑡) = 𝑉 ̂𝑓𝑐 . sin (𝜃 + 2. 𝜋 3 )

Fig. 3

 3 Fig.3 Extraction of fundamental voltage and its RMS value



  𝑻 23 = (𝑻 32 )𝑡 (15) By adjusting the filters FP and FQ figure 2, it is possible to adjust the function of the active filter:  Elimination of the instantaneous reactive power and the harmonics: then the filter FQ becomes a wire and the filter FP is in conformity with figure 4. Elimination of the harmonics: then the filters FP and FQ are identical and are in conformity with figure 4. Elimination of the instantaneous reactive power only: then the FP filter becomes an open circuit and the FQ filter becomes a wire that leaves everything passing.

Fig. 4 .

 4 Fig. 4. Structure of FP or FQ filter

Fig. 5 .

 5 Fig. 5. Bloc diagram to extract the reference currents based on the modified p-q theory

𝑻 𝑝𝑞𝑟 - 1

 1 is the inverse of 𝑻 𝑝𝑞𝑟 expressed in (27).

  9. Parameters: (𝑅 𝑎 =44.4 Ω, 𝑅 𝑏 = 35 Ω et 𝑅 𝑐 =38.3 Ω) (𝐿 𝑎 = 45 µH, 𝐿 𝑏 = 20 µH and 𝐿 𝑐 = 21 µH). 𝑅 𝑐ℎ =40.4Ω and an inductance 𝐿 𝑐ℎ =27.67mH. L= 6,7 mH, R=0.5 Ω. 𝐿 𝑓𝑎 =12.81mH, 𝐿 𝑓𝑏 =13.72 mH and 𝐿 𝑓𝑐 =10.6mH 𝑅 𝑓𝑎 = 0.5Ω, 𝑅 𝑓𝑏 =0.6Ω et 𝑅 𝑓𝑐 =0.3Ω). The DC bus voltage is 650V. The maximum voltage for each capacitor is 400V, for it they are two capacitors in series. 𝐶 ℎ =𝐶 𝑏 =0.6mF. 𝑣 a = 335.4 sin(𝜔𝑡) + 1.27 sin(3𝜔𝑡 + 43) + 7.77 sin(5𝜔𝑡 -171) + 3.39 sin(7𝜔𝑡 + 24) + 0.84 sin(9𝜔𝑡 -130) + 0.42 sin(11𝜔𝑡 -120) 𝑣 b = 337.4 sin(𝜔𝑡 -120) + 1.27 sin(3𝜔𝑡 + 2) + 7.9 sin(5𝜔𝑡 -53) + 2.54 sin(7𝜔𝑡 -104) + 1.41 sin(9𝜔𝑡 -138) + 0.42 sin(11𝜔𝑡 + 5) 𝑣 c = 333.4 sin(𝜔𝑡 -240) + 0.3 sin(3𝜔𝑡 -278) + 8 sin(5𝜔𝑡 -291) + 2.82 sin(7𝜔𝑡 + 216) + 0.84 sin(9𝜔𝑡 -158) + 0.14 sin(11𝜔𝑡 -212)

Figure 7 :Fig. 8 .Fig. 9 .

 789 Figure 7: Schema of the power circuit

Fig. 10 .

 10 Fig.10. DECAP Method 50V-5A-5ms/div

Fig. 12 .

 12 Fig.12. Modified p-q Method 50V-5A-5ms/div

Fig. 13

 13 Fig.13. p-q-r method (50V-5A-5ms/div)

Fig. 14 .

 14 Fig.14. Comparison on the Unbalance Factor
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