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Direct power control with hybrid approach for active power filter application

Hybrid control approach of the pqo control theory applied to the 3 phase 4 wire active power filter is proposed. In the goal to simplify the implementation 2 methods are tested and evaluated to define the best sequence of control to apply (Best vector selection and angle-based vector selection). This technique inherits not only the simplicity of the conventional direct power control but also offers a good dynamic response in active filtering. The two methods are compared according to criteria of computer time for an implantation in a processor. The analysis is verified using the PSIM simulation software.

INTRODUCTION

The active power filters have been widely used for compensating the harmonic currents caused by the nonlinear loads of the electrical systems. Most of these active filters use the conventional control method based on the measurement of the load currents and are implemented using multi-loop structure with PI current control. This multi-loop structure consists of an inner-loop which regulates the current and the outer loop for regulating the dc capacitor bus voltage. The inner loop has faster dynamic response compared to the outer one and the size of the dc capacitor will determine its ability to stabilize the dc bus voltage during the transient state [START_REF] Benhabib | New control approach for four-wire active power filter based on the use of synchronous reference frame[END_REF][START_REF] Riyadi | A new control strategy for three-phase shunt active power filter that based on source instantaneous power[END_REF]. The development of active filters has been enhanced along with the PWM technique applied to the power converters such as inverters and rectifiers. Besides the researches concerning the reduction of the sensors [START_REF] Riyadi | A new control strategy for three-phase shunt active power filter that based on source instantaneous power[END_REF][START_REF] Noguchi | Direct power control of PWM converter without power-source voltage sensors[END_REF], many PWM techniques have been proposed to increase its performance or to have more simplicity in the implementation. One of them is the Direct Power Control (DPC) method [START_REF] Chen | Direct Power Control of Active Filter with Averaged Switching Frequency Regulation[END_REF] based on the Direct Torque Control (DTC) method used commonly in the high performance induction motor drive systems. The DTC is able to control 2 variables (torque and flux) directly and simultaneously, similar to DPC which controls active and reactive powers [START_REF] Ohnishi | Three phase PWM converter/inverter by means of instantaneous active and reactive power control[END_REF]. Direct power control is introduced in 1991 [START_REF] Benhabib | New control approach for four-wire active power filter based on the use of synchronous reference frame[END_REF] for rectifier application. It uses the power command, either active or reactive power, to control the power delivered to the load. By using this method, the conventional current control and modulation are no longer needed. The result of the technique is the fast response and the switching frequency reduction. The known drawback is that the hysteresis control causes the increase in harmonic distortion and the variation of the switching frequency. In this paper, a comparison among two schemes of direct power control tested on active power filter will be verified.

QUASI-HYBRID DIRECT POWER CONTROL ON 3-PHASE 4-LEG ACTIVE POWER FILTER

In active power filter application, the use of current sensors in the load side and in the converter side is obligatory. Usually, the regular PI current controllers, whose responses are dependent of the controller design, are used for each leg of the converter. In addition, such implementation needs modulation part to generate the converter voltage. The modulation can be based of triangular waveform or space vector modulation.

In direct power control concept, the current regulator and the modulation part is combined into a single controller. This leads to the fast response and the simplicity of the implementation of the controller. However, the conventional direct power control concept with hysteresis control is not suitable for active power filter application because of the fast change in the reference value.

In this section, a hybrid approach is proposed to improve the hysteresis control of the APF.

Power definition in the p-q-0 instantaneous power theory can be denoted as:
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Where all the values in ( o) reference can be obtained using the transformation:
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With: A s s h o w n i n Erreur ! Source du renvoi introuvable., among the power components, p and 0 p will be transferred permanently from the source to the loads, thus these power components will be the only components which are wished to be supplied by the source. The other power components can be compensated by the active power filter. 0 p will be absorbed first by the filter through the phase lines and then be transferred to the loads through the neutral line. The transfer process of 0 p can be done by compensating the neutral current which will also include the case where the source voltage is balanced, i.e. v o = 0 The active power filter will be formed by the 3 phase 4 legs converter. In this proposed method, the 3 phase part of the converter will be regulated by using hybrid direct power control while the compensation of neutral current is carried out by the fourth leg of the converter using a PI current regulator. In this case, the 3-phase part of the converter should be able to absorb 0 p and to provide 0 p and q in the 3 phase lines, so that From Erreur ! Source du renvoi introuvable., it is clear that for each phase, there will be a mathematical relation as:
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where: va_L, vb_L, vc_L are the inductor voltages of phase a, b, and c respectively. va, vb, vc are the source voltages and, vu, vv, vw are the ac side converter voltages. From Eq.( 8), the evolution of the currents can be represented in discrete form as:
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Using the transformation in (4), the Eq. ( 10) is expressed: , led by each converter voltage vector by using Eq. ( 10). Since there are 7 different converter voltages, there will be 7 values of ( 1) k I . Among these values, there will be one which is the closest to The vector which brings the I minimum will be selected for the switching period.
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To verify the proposed control method, a digital simulation using PSIM has been done. The simulation schema can be shown in Figure 4. The sampling period is fixed to 10 µs, L filter = 5 mH, C dc = 2200 µF, V ph-ph = 380 V. PI current regulator is used for the 4 th leg with time constant 1 ms and triangular carrier frequency of 5 kHz.

Figure 3. Vector selection criterion

The simulated results can be seen in Figure 5. From this figure, it can be seen that the active power filter works successfully to provide the active filtering in 3 phase lines.

The load currents are shown having the harmonics while the source currents are forced to have only the fundamental component.

The fourth leg regulation has successfully provided the compensation of the neutral current as the source neutral current is forced to zero while the peak neutral load current is detected around 20 ampere, as shown in Figure 6 . Observing the reactive power q w a v e f o rm , t he s o u rc e i s successfully forced not to supply the reactive power as the value of q is always around zero. 

ANGLE BASED VECTOR SELECTION SCHEME

To check the effect of the each vector as described in the previous section, however, demands a relatively bulky calculation. Therefore, it is desired to search simple scheme of vector selection for each sampling period. In this section, an angle based vector selection will be proposed for that purpose.

From Eq.( 11):
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The substitution of the Eq. ( 10) into Eq.( 13) yields: it is necessary to generate a certain criterion to define a correct vector to apply. The proposed criterion can be shown in Figure 8. To choose the best vector to apply, it is possible to use the angle between IN and each voltage vectors, which can be considered fixed in a sampling time period. The nearest angle to 180o will be used for selecting the corresponding vector.

In this case of Figure 8, the vector v2 is chosen and its application during 3 sampling periods will approach the system from the origin point [O] to the destination point [D].

If the T i s s m a l l e n o u g h , t h e v o l t a g e v e c t o r s c a n b e considered as linear. This value will also determine the maximum length of the voltage vectors, and hence the maximum application time.

The result of the simulation can be shown in Figure 9 using the same loads as in Figure 4. According to Figure 9, the active power filter has successfully worked where the load currents are shown non-sinusoidal and unbalanced, while the source currents are sinusoid and balanced. Figure 10 shows the compensation of neutral current. The neutral current of the source side is indicated zero. Fig. 11 shows the instantaneous power waveform to compare between powers delivered by the source and absorbed by the load. 

CALCULATION COMPLEXITY

For each method, it is possible to compare the calculation complexity for the digital implementation using DSP. Table 2 shows the comparison of calculation number used in programming the simulation which relates to the calculation complexity of each method. Thus it will determine the best method to apply on DSP system. Table 2. Calculation complexity of each method used for direct power control

CONCLUSION

In this paper, a study of direct power control with 4 hybrid approach methods has been done. In the goal to reduce the computer time, two methods are proposed and tested. The first solution requires the exploration of all solutions and duct to choose the most adapted voltage vector. The second method, simpler values the angle between the direction of evolution and the reference. This second method permits to reduce the computer time while preserving strong features.

Each method shows a good performance when tested in 3phase 4-leg converters operated as filter active.
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 1 Figure 1. Electric system with nonlinear load and shunt active power filter

  0 ref p pp and ref qq will be considered as the reference power values used to control the converter. Erreur ! Source du renvoi introuvable. shows the source and 3-phase of the converter circuit used for deriving the mathematical model.
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 2 Figure 2. Source -converter circuit
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 123 represents the switch states where: du renvoi introuvable.) is closed and Tr n ' is opened, and S n = 0 Tr n is opened and Tr n ' is closed, with n = 1,2,3. Eq.(10) gives the direct relation between the next current state and the converter voltage. Since there are only 7 combinations of the converter voltages, it is possible to do the selection among these voltages that can enable the active power filter to approach the reference values _ ref i and _ ref i . This technique is normally known as the hybrid control and illustrated in Figure 3. After obtaining the present value of current, () ik and () ik , it is possible to estimate their next values ( 1) ik and ( 1) ik
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  is introduced as in (11) and (12).
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 4 Figure 4. Digital simulation circuit Figure 7 shows the regulation of powers. It can be seen here that the active power p is delivered almost constantly by the source although the loads demand a fluctuated active power.
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 5 Figure 5. Load current (above) and source current (below) waveforms
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 67 Figure 6. Load and source neutral current waveforms

  , which represents the known variables in Eq.(14), as: is to find the minimum value of ( 1) k I
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 8 Figure 8. Vector selection criterion
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 91011 Figure 9. Load current waveform (above) and source current waveform (below)

Table 1 .

 1 ac side converter voltages and their transformed values v _c and v _c If the dc side converter voltage is E d , the possible values of the ac side converter voltages as function of the switch states (vectors) and their transformed values can be calculated and are shown in Table1.