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Abstract
Doubly fed induction generators used in wind energy applications require a source and power converter system to feed
variable frequency ac voltage to its rotor. The paper presents a hybrid system in which the rotor power can be drawn either
from three-phase ac mains or a photo voltaic (PV) panel-battery combination. While  drawing power from ac  mains, the
ac-dc converter used has a soft switching feature and also power factor correction. One of the MOSFET switches of the ac-
dc converter will be used for boosting the PV panel output. The results obtained on an experimental converter are presented.

Keywards: DFIG’s, Photovoltaic (PV), power factor corrector (PFC)

I. Introduction
Renewable energy sources like wind energy and photovoltaic (PV) power are becoming popular. Doubly
fed induction generators (DFIGs) are increasingly used in wind generating systems in which the rotor
speed need not be maintained constant. These systems use a wound-rotor induction machine to convert
the mechanical power from the wind turbine into a fixed-frequency ac output supplied to the grid. The
frequency of the voltage injected into the rotor is adjusted such the sum of rotor frequency and the
equivalent frequency corresponding to mechanical rotation is equal to the desired stator frequency
(60Hz). In this scheme, the power required for rotor injection is a small fraction (25%) of the output
power and it comes from the ac mains through a set of power converters 1,2. Thus the system uses power
converters  as  well  as  filters  with  correspondingly  lower ratings. The inverter provides a sinusoidal
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voltage to the rotor terminals at a frequency determined by the mechanical speed of the rotor. The dc
link voltage for the inverter is usually provided by a converter/rectifier. Some of the issues not addressed
in the existing DFIG control schemes are: (a) the absence of  power  factor  correction in  the  rectifier
(b)  the absence of soft switching that will improve the efficiency of the rectifier and (c) the ability to
supply ac power to isolated loads using photovoltaic (PV) power. As for (c), PV panels installed along
side the wind turbine can be used to aid wind generation particularly when the system uses a DFIG.
The modified system can also supply isolated loads.

The paper proposes a hybrid scheme in which the injection power can be drawn from (a) ac mains at
unity power factor if available or (b) a set of PV panels and a back-up battery in the absence of ac
mains. The three-phase power from the ac mains is converted into a dc using a three-phase resonant-
boost power factor corrector (PFC) with only two switches operating under zero voltage switching
(ZVS)3.

In the absence of an ac bus, a set of PV panels supply injection power to the rotor through a boost
converter which is realized using  one  or  more  of  the  switches  in  the  power  factor corrector. A
battery is added as (a) a buffer storing the extra energy from the PV panel when the maximum power
available is more than what is required for rotor injection and (b) a dc source providing injection power
in the absence of sun light. Simulation and experimental results including the PFC waveforms and
harmonic distortion are presented.

II. Three Phase Power Factor Corrector
The power converter system proposed for rotor injection in a DFIG is shown in Fig. 1. The three-phase
PFC is made up of the line inductors La, Lb, Lc, the diodes D1-D8, the resonant capacitors Ca, Cb, Cc,
the resonant inductor L, and the MOSFETS Mx and My 3. The PFC draws sinusoidal currents from the
bus (Va, Vb, Vc) and supplies a dc voltage to the three-phase inverter which in turn supplies variable-
frequency sine voltage to the rotor of the DFIG. The three-phase inverter is a  Sine PWM inverter and its
frequency and modulation index are varied through feedback to give rated stator voltage at 60Hz.

In  the  PFC  topology,  three  capacitors  are  used  to decouple the three-phase system into three
single-phase systems  and  to  control  each  phase  independently and  this helps to obtain a low THD
value for each input current while delivering a lower output dc voltage. The two switches Mx and My
along with the inductor L constitute a high-frequency current source which is responsible for the energy
transfer from the three phase ac side to the dc side.  The input current is partly continuous and partly
discontinuous depending upon the input voltage level which modulates the equivalent duty cycle for
the inductor current.

For a balanced three-phase system, the converter can be decoupled   into   three   single-phase PFC
converters   and analyzed 3. The input capacitor Ca  first transfers part of the input energy to the inductor
L and the energy is then transferred to the dc filter capacitor and the load maintaining an output voltage
Vdc. Depending on the magnitude of the instantaneous input voltage, the circuit may operate under (i)
a resonant input mode or (ii) a boost input mode. The resonant input mode corresponds to a low
instantaneous input voltage, and during this mode, the voltage on Ca  is always less than Vdc. The
boost input mode, on the other hand, corresponds to a high instantaneous input voltage, and during this
mode the voltage on Ca approaches Vdc.

The input/output power can be controlled by controlling the amplitude of the high-frequency current
source which is in turn controlled by the switching frequency. The following equations are used to
design of the converter: the DFIG. The duty cycle of My is adjusted for extracting the maximum power

The voltage sensed across the resistor R1 is applied to a second sample and hold circuit which the
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