Antoine F Hanna Nohra 
email: antoine.hanna.nohra@laplace.univ-tlse.fr
  
Maurice Fadel 
email: maurice.fadel@laplace.univ-tlse.fr
  
Hadi Y Kanaan 
email: hadi.kanaan@usj.edu.lb
  
Direct control for active power in single-phase application on perturbed network

Keywords: Active Filter, Distribution of electrical energy, Single-phase, correction techniques, instantaneous active power

There are today many techniques for controlling active filters on single-phase networks in order to correct the power factor and limit the harmonics consumed at the source. Almost all of these methods are determined for a perfect sinusoidal source. The work developed here concerns the taking into account of a perturbed network, that is to say the presence of voltage harmonics at the connection point. The results are validated by experiment on a low power system.

INTRODUCTION

The increase of the non-linear loads connected on the distribution networks of the electric energy leads to an excessive injection of harmonics and the circulation of reactive power on the distribution lines. These periodic but non-sinusoidal currents circulate through the impedances of the networks and give rise to non-sinusoidal voltages which are added to the initial voltage [START_REF] Mcbee | Evaluating the long-term impact of a continuously increasing harmonic load demand on feeder level voltage distortion[END_REF]. We are faced with a degradation of the quality [START_REF] Sharma | Harmonic impacts of widespread use of CFL lamps on distribution systems[END_REF], [START_REF] Masoum | Derating of Asymmetric Three-Phase Transformers Serving Unbalanced Nonlinear Loads[END_REF] of power and excessive neutral line [START_REF] Desmet | Analysis of the Neutral Conductor Current in a Three-Phase Supplied Network With Nonlinear Single-Phase Loads[END_REF] which has detrimental consequences on the proper functioning of electrical appliances and which incurs an additional cost for the installations. This causes known damage that must be fought forcefully [START_REF]IEEE Recommended Practice and Requirement for Harmonic Control in Electrical Power systems[END_REF]. The ability of shunt active filters to remove these problems has given rise to a great deal of work in recent years and many solutions have emerged. Very often they are based on the concept of instantaneous reactive power and on the theory p-q. This approach is particularly effective but is based on the existence of a sinusoidal power source. If the source has harmonics of voltage the efficiency is reduced especially for the power factor. We propose here to develop a method based on the notion of instantaneous active power and based on the effective value of the fundamental of the voltage. This method explicitly takes into account voltage harmonics and is part of a general methodology applicable also in three-phase. The general approach has been the subject of a patent application. The results presented are tested experimentally on a low-power device equipped with a system control DSPACE.

SHUNT ACTIVE FILTER SOLUTION

The parallel active filter (PAF) is the most common solution for the depollution of harmonic currents. The conventional structure of the two-level inverter (fig1) is very widespread for Low Voltage applications. Figure 2 shows the structure of the control. It reveals 3 essential functions, first a block to extract the harmonics to be compensated, a current loop and finally a voltage loop. For the current loop, several researches have been conducted around the control method from its average model [START_REF] Kanaan | Comparative evaluation of average-model-based control schemes applied to a three-phase seriesactive power filter for voltage harmonic cancellation[END_REF][START_REF] Kanaan | Average Modeling and Carrier-Based Control Strategies Applied to a Three-Phase Four-Leg Shunt Active Power Filter[END_REF][START_REF] Nohra | A Four-leg active power filter for harmonic mitigation and reactive power compensation in unbalanced loads systems using CFL technology[END_REF] or the direct and hybrid control [START_REF] Tri | Quasi Hybrid Direct Power Control on 3-Phase 4-Wire Active Power Filter[END_REF][START_REF] Tri | Yanuarsyah Haroen, 3-Phase 4-Wire Active Power Filter using p-q-rInstantaneous Power Theory with Hybrid Approach[END_REF][START_REF] Tri | Hybrid Direct Power Control using p-q-r Power Theory Applied on 3-Phase 4-Wire Active Power[END_REF][START_REF] Tri | Comparison of Direct Power Control with Hybrid Approach on 3-Phase 4-Wire Active Power Filter between p-q-0 and p-q-r Power Theory[END_REF] and the linear or nonlinear theory [START_REF] Kanaan | Nonlinear Control Design for a PWM Three-Phase Four-Wire Shunt Active Power Filter Based on the State-Space Averaged Model[END_REF][START_REF] Kanaan | Averaged-Model-Based Nonlinear Control of a PWM Three-Phase Four-Leg Shunt Active Power Filter[END_REF][START_REF] Kanaan | Carrier-Based Linear Decoupling Control of a Three-Phase Four-Leg Shunt Active Power Filter[END_REF] like sliding mode [START_REF] Mendalek | Sliding Mode Control of Three-Phase Four-Leg Shunt Active Power Filter[END_REF]. For the voltage loop we generally use 2 regulators which each contribute to the regulation of a capacitor [START_REF] Bourourou | Active power filter Dc voltage regulation with fuzzy logic controller[END_REF][START_REF] Mannen | A DC Capacitor Voltage Control Method for Active Power Filters Using Modified Reference Including the Theoretically Derived Voltage Ripple[END_REF][START_REF] Soares | Voltage regulation system design for the four-wire voltage-converter with split DC link capacitor[END_REF].

The behavior is non-linear and if we regulate the power that is to say the tension to the square, the piloting becomes much easier. In this work we are particularly interested in the harmonic extraction block. This block in its simplest version uses only the current of the load but it is possible to use the voltage as in the p-q approach. The block must determine the current reference to be injected by the compensator. This current must make it possible to compensate the reactive power and the harmonics of current related to the non-linear load. These classical approaches are based on the theory of instantaneous reactive power. In this paper we propose another approach based on the instantaneous active power.

In the following section, we will recall the details of the p-q approach, highlighting the performances obtained and the limits, in particular in the presence of harmonics on the voltage.

PQ THEORY IN SINGLE PHASE

The p-q theory initially developed for the 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. Many authors [START_REF] Nabae | A new definition of instantaneous active-reactive current and power based on instantaneous space vectors on polar coordinates in three-phase circuits[END_REF][START_REF] Ma | Improved Detection Method of Current Component Based on Instantaneous Reactive Power Theory[END_REF][START_REF] Ju | An improved method for harmonics detection in single-phase circuits[END_REF] have successfully extended the notion of separation of active and reactive power instantaneous in a coordinate system can be used in single phase. Thus the benefits offered by the p-q theory for three-phase networks are extended to the single-phase case [START_REF] Hua | Study on control method of single-phase active power filters[END_REF]. The single-phase p-q theory is based on an instantaneous / 2 π lag or / 2 π lead of voltage and current to define the original system as a pseudo two-phase system. Thus, the overall system can then be easily represented in α β coordinates. The original source voltage and load current are considered as quantities on the α -axis, whereas β -axis quantities are obtained by a lag or lead of the source voltage and load current [START_REF] Kanaan | Averaged-Model-Based Nonlinear Control of a PWM Three-Phase Four-Leg Shunt Active Power Filter[END_REF].

According to this principle, the voltage and the current are decomposed into two contributions in quadrature.
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The instantaneous single-phase active power and the instantaneous single-phase reactive power, as defined in the original three-phase p-q theory, can be represented as:
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where ( ) p t ω and ( ) q t ω represent the DC components responsible for instantaneous fundamental active and reactive power, whereas  ( ) p t ω and  ( )

q t
ω represent the AC components responsible for harmonic power. Thus it becomes simple to generate the current references for the compensator by inversion of the relation (3):
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This method implicitly assumes that the voltage of the source is sinusoidal, the fundamental of the source voltage is used for this. The proposed method based on the direct control of active power (DCAP) consists of determining the desired sinusoidal active current at the source which will ensure a unit power factor with the corresponding voltage. .

Direct Control for Active Power Method

Losses cv afeff P I V = [START_REF] Tri | Yanuarsyah Haroen, 3-Phase 4-Wire Active Power Filter using p-q-rInstantaneous Power Theory with Hybrid Approach[END_REF] Losses in the inverter G is homogeneous to a conductance which can be identified simply by considering the instantaneous active power and the fundamental of the voltage (8). s P represents the DC part of the power and it is evaluated by ( 9) by using a Low Pass Filter. This method is simple it does not require PLL, it is sufficient to extract the rms value [START_REF] Tri | Hybrid Direct Power Control using p-q-r Power Theory Applied on 3-Phase 4-Wire Active Power[END_REF], see fig. 

EXPERIMENTAL RESULTS

The simplified scheme of power circuit is shown in figure 5. The voltage source is initially slightly perturbed with a THD of 2.6% and the harmonics of rank 2, 5,7,9,11, are present. In Fig. 6 we observe the voltage at the connection point and the current absorbed by the network when the filter is disconnected. The non-linear load represented by a rectifier absorbs a non-linear current of 4,248A Rms value and generates a THD in current of 13.7 % (fig10).The supply line having a series impedance then when this current passes through it, a large voltage drop is caused by this impedance and the voltage at the connection point is disturbed with a THD 16.5 % (fig. 8) because the fundamental value of voltage is reduced and the THD is inversely proportional to the Rms fundamental value. On Fig. 7 shows the result obtained with a current after filtering with a THD of 1.2 %, see Fig. 11. In Fig. 9 and 10 we see all the efficiency of the method with an improvement of the THD for the current which passes from 13.7% to 1.2%. In term of electrical power evaluations, figures14 and 15 show powers before and after filtering. The reactive power VAR absorbed by the load (Fig. 14) is very reduced on the source after filtering. The PF becomes unity and the DPF also. Table 1 resumes the performances of the DCAP method on term of THD, PF and DPF before and after action of the filter. 

CONCLUSION

In this article we show the effectiveness of the proposed method. We obtain a reduction of the THD in current and an improvement of the voltage at the point of connection. This method does not require PLL and can be extended very simply to the three-phase case. This approach is now protected by the filing of a patent.
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 67 Fig.6 Experimental measurements of voltage and current before filtering
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 8 Fig. 8 Voltage Spectrum before filtering Fig. 9 Voltage Spectrum during filtering The current consumed at the network becoming sinusoidal the voltage at the point of connection becomes itself quasi-sinusoidal. The connection of the active filter improves the quality of the voltage THD 5%, see Fig.8.
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 10 Fig. 10 Current Spectrum before filtering Fig. 11 Current Spectrum during filtering

  Fig.12and filter current Fig.13and filter current Figures12 and 13show the control of the DC bus. The total voltage of the DC bus (600 V) is equally distributed on each capacitor that proofs the effectiveness of the control of the midpoint of split capacitor.
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 1415 Fig 14. Powers absorbed by the load before filtering

  Thus we can impose a relation of proportionality with the fundamental component of voltage source ( )
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Table 1 .

 1 Evolution of THD, PF and DPF on the load and the source sides.

Before filtering After filtering THDi 13.7% 1.2%

  

	THDv	16.5%	5%
	PF	0.61	1
	DPF	0.64	1
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