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I. INTRODUCTION

Due to the low harmonic distortion, high efficiency and bidirectional power flow, the space vector Pulse Width Modulation (PWM) remains a popular technique used in three-phase power converters [START_REF] Rathnakumar | A New Software Implementation of Space Vector PWM[END_REF][START_REF] Kocalmis | Simulation of a Space Vector PWM Controller For a Three-Level Voltage-Fed Inverter Motor Drive[END_REF][START_REF] Iqbal | Matlab/Simulink Model of Space Vector PWM for Three-Phase Voltage Source Inverter[END_REF][START_REF] Zheng | Research on three-phase PWM rectifier based on predictive control[END_REF][START_REF] Min | SVM-based hysteresis current controller for three-phase PWM rectifier[END_REF]. The space vector PWM current regulator generates a reference vector in such a way that the amplitude and the phase-difference of the line current can be driven to a reference value [START_REF] Saetieo | Fuzzy logic control of a space-vector PWM current regulator for three-phase power converters[END_REF]. Although the PI controller is commonly used to control in a three-phase power converter, the DC voltage response with respect to the load change is somewhat poor. This paper proposes a new load curre nt control method to improve the DC voltage response of a three-phase power converter space vector PWM using current regulation method. In this case, the load current is estimated using the Luenberger observer [START_REF] Ellis | Observers in Control Systems[END_REF]. In order to reduce the ripples and the complexity of the algorithm, a simplified model of converter and its current regulator has been used.

II. MATHEMATICAL MODEL OF THREE-PHASE POWER CONVERTER SVPWM WITH CURRENT REGULATOR

Three-Phase Power Converter Equation

Fig 1 shows the typical circuit diagram of a three-phase power converter. The currents and voltages on the AC side can be expressed using the following equation
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The currents on DC side can be expressed as

L DC rect i dt dv C i (3)
and subsequently the relationship between DC and the AC side voltages and currents can be obtained respectively using the following equations:
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T c b a S S S S [START_REF] Ellis | Observers in Control Systems[END_REF] In [START_REF] Ellis | Observers in Control Systems[END_REF], S=1 when the switch is on, and S=0 when the switch is off. Space Vector PWM Current Regulator Current regulator is used to generate the reference space vector voltage such that the average line current over the period T s for next period is in phase to the voltage of the power source. This can be mathematically written as
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By neglecting the internal resistance of series reactor, the reference space vector voltage can be calculated as:
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The block diagram of the three-phase power converter SVWPM with current regulation is depicted in Fig. 2. With constant amplitude of the line voltage source, it can be considered that the DC output voltage V DC i s a function of control signal k, w i t h l o a d c u r r e n t a s a disturbance. 

Conventional PI Controller

The DC voltage must be kept constant on load variation. It can be done by controlling the input line current. In three-phase power converter with current regulation, the signal k will control the amount of the line currents. In a conventional PI controller (Fig. 3), the control signal will be generated using the Proportional and Integral parts of the error signal due to the difference between reference and the actual DC voltages. 

Simplified Model

The Space Vector Current Regulator produces line current to be in phase to the source voltage. By neglecting losses in switching transistors, it can be obtained that the average power over period
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The rectified current i rect will be determined as:
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By assuming that both of phase voltage and DC-voltage are constants, the mathematical model can be simplified using a model shown in Fig. 4. In this model, the input signal is not taken from rectified current, but from the input control. This is beneficial in order to avoid ripples produced in the rectified current. The DC voltage can therefore be written as:
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The value G 1 in (12) can be obtained from (11) as: Gain G co must be selected during the observer compensator design to obtain a quick response with less noise. The load current control makes it possible to quickly generate a reference control signal, so that it is also possible to improve the voltage response with respect to the load change In this way it is also possible to estimate the load current by applying the observer shown in Fig. 6. The advantage of this is that the current sensor is no longer required. At steady state, the DC load current will be proportional to the control signal, with constant maximum phase voltage and DC voltage. By using this configuration in Fig. 2, it is apparent that there is a relationship between control sides and the DC sides. The rectified current can be determined using (11) or in other word that rectified current can be regarded as a control signal quantity referred to DC-side. Similarly, it is also possible to estimate the load current refer to controlside i est as:
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Controller

The controller, used to generate control signal k is constructed using the following equation:

dt e K e K i G k i p est 2 (17)
In (11) the error signal e is the difference of actual DC voltage and the reference, K p and K i are the proportional and integral gains of PI controller respectively, and
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An addition, a block is required to limit the control signal. DC voltage overshoot at start time can be eliminated using a low pass filter prior to voltage reference. 

IV. SIMULATION RESULTS

The simulation results show the response of the voltage on load changes and line currents of three-phase power converter with current regulation between conventional PI-controller and load current control method.

The parameter of three-phase power converter SVPWM with current regulation for the simulation is shown in Table . I. In this simulation experiment, both converters will be tested on load resistance changes from 60 ohms to 240 ohms at time t=0.3 sec (Fig. 7a and Fig. 8a)

Conventional PI-Controller

The dynamic behavior of the control signal, currents, and voltages is shown in Fig. 7. In As seen in Fig. 8e the input line currents produced in the power converter SVPWM with current regulation using load current control have sinusoidal waveform and to be in phase to the phase voltages. In transient time, peak current will not exceed to 20A.

V. CONCLUSION By using the three-phase power converter SVPWM with current regulation, it is now possible to establish simplified model to calculate the DC voltage. The simplified model also reduces ripples generated in rectified current. When implementing the load current observer, the current sensor on DC side is no longer required. From the simulation results, it is apparent that the proposed load current control method produces good dynamic behavior of the DC voltage and sinusoidal waveform of the line currents with unity power-factor.
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 6 Fig. 6. The proposed Load Current Control Fig. 6 also shows the block diagram of the proposed load current control for three-phase power converter SVPWM with current regulation.
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 7 Fig. 7. Experimental Results for Conventional PID

TABLE I .

 I PARAMETER OF THREE-PHASE POWER CONVERTER

	Parameter	Value
	Phase voltage	100 V peak
	Frequency	50 Hz
	DC bus voltage	300V
	Inductance of Reactor	300mH
	Internal Resistance of Reactor	0.2 ohm
	DC bus capacitance	1000uF
	Load resistance on full load	60 ohm
	Sampling Frequency	10kHz