



TORQUE RIPPLE ANALYSIS AND REDUCTION FOR WIND ENERGY CONVERSION SYSTEMS USING UNCONTROLLED RECTIFIER AND BOOST CONVERTER
                                           ABSTRACT

A conventional topology for a small-scale wind energy conversion system consists of a permanent magnet synchronous generator, a diode bridge rectifier, a boost converter and a grid-side inverter. Since generator phase currents contain low-order harmonics and cannot be controlled independently using a diode bridge rectifier, electromagnetic torque ripple is relatively

large and may have a detrimental effect on the life of the turbine through fatigue induced by shaft torque ripple. This study investigates methods to reduce this electromagnetic torque ripple, from both the viewpoints of the circuit topology and the control strategy. The effect of the DC-side capacitor on torque ripple is investigated and different control strategies and their effect on torque ripple are compared and analysed. This shows that the torque ripple can be reduced by removing the DC-side capacitor and can be further reduced by controlling DC-side current to a constant value. These methods have been investigated theoretically and the validity of the results confirmed by both simulation and experiment.
The doubly fed induction machine using an AC–DC–AC converter arrangement in the rotor circuit has long been a standard drive option for MW-scale applications. The AC–DC converter stage can independently control torque using vector-control techniques, therefore minimising torque ripple . The permanent magnet synchronous generator (PMSG) is also widely used in small-scale WECS. A pulse width- modulated (PWM) rectifier can be used at the generator side to control current. Generator dq-axis current is regulated by the PWM rectifier leading to a ripple-free electromagnetic torque . In the above two cases, both generator currents are well controlled and therefore electromagnetic torque ripple is negligible. However, these are both high-cost systems requiring bi-directional, controlled rectifiers. For small-scale WECSs, a diode bridge rectifier is usually used. Such a WECS scheme consists of a PMSG, a diode bridge rectifier, a boost converter and a grid-side inverter, as shown in Fig. 1 [4–6]. The diode bridge rectifier is employed instead of a controlled rectifier because of its low cost and high reliability. The main drawback of the diode rectifier is that generator stator current is not typically controlled. It results in serious stator harmonic currents and leads to significant electromagnetic torque ripple. Such a torque ripple may have detrimental effects on the life of turbine and shaft and limits the system power rating. However, since the configuration is usually used in smallscale wind power systems whose power rating is kW-scale, it is still acceptable, considering the much lower cost.
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