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1. Brief introduction

A Doubly Fed Induction Generator (DFIG) has a
significant advantage in high power, variable speed
generator applications, because independent control of
active and reactive power can be achieved by using a
power electronic converter connected to the rotor circuit,
and it handles only a fraction of the total power [1].The
main disadvantage of the DFIG is the slip rings, which
reduce the life time of the machine and increases the
maintenance costs. An alternative to overcome this
drawback an alternative machine arrangement is
proposed which is the Brushless Doubly Fed Induction
Generator (BDFIG). Brass at al. published a direct
torgque control algorithm in Simulink for the BDFIG. This
is believed to be the first control algorithm proposed for
the BDFIG [2]. The BDFIG has been considered as a
variable speed drive [3, 4]. The increase in the use of
BDFIG has been driven by the need to expand the range
and operation of wind turbines. A study has been
successively conducted on the implementation and
control of the BDFIG [5,6], but the BDFIG efficiency is
worse than the DFIG at low speeds by 7% [7]. To
combine the advantage of the DFIG with the advantage
of a brushless machine, the Brushless Doubly Fed Twin
Induction Generator (BDFTIG) is being investigated and
considered for high power wind generators where
variable-speed operation, high reliability and low
maintenance are required. A number of studies have been
conducted on the performance modelling of the BDFTIG;
the results have been presented in simulation results only
[8]. The aim of this research is to present a new brushless
technique for the indirect vector control of a BDFTIG.
This method is suitable for both stand-alone and grid-
connected variable speed BDFTIGs. This paper presents
the analysis and the simulated results using Simulink (in
MATLAB) for control of the grid connected operation,
where the power flow is controlled into the grid.
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2 Equivalent Circuit Analysis of the BDFTIG

The BDFTIG consist of two separate wound rotor
induction machines; the power and the control machines
are connected mechanically and electrically see figure 1.
The overall control of the twin machine is via the stator
winding of the control machine, which can modify and
control the rotor current, which is also being induced
from the power machine stator winding. Therefore there
is an electromagnetic cross-coupling effect between the
two stator windings through the rotor. An appropriate
BDFTIG model and flexible power flow control strategy

for wind energy conversion is developed in the following
sections.
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Fig 1- The BDFTIG Construction

Figure 2 shows the equivalent circuit of the BDFTIG
from which the electrical system equations can be
derived. As long as the equations are known, any control
algorithm can be modelled in Simulink. From these
equations the flux of the power and control machines can
be derived.
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Fig 2- The equivalent circuit of the BDFTIG

To simplify the controller algorithm, the machine
quantities should be expressed in the d-q frame by
employing Park’s transformation. Then starting with the
power machine, the general form of the vector equations
of the BDFTIG can be written as:
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The flux linkage current relations are:
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The rotors are mechanically connected and their
windings are electrically interconnected so the rotors

currents are in the opposite direction.
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The flux linkage current relations are
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Rearranging the power machine stator flux and the rotor
flux equations to obtain the power machine and rotor
currents.
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The equation for the rotor current, 7. is substituted into
the equation for the power machine stator current isp:
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Because the reference frame is aligned with the d-
component of ¢Sp,the g-component always remains at

Zero.
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Rearranging the last two equations will give the value of
the rotor flux 1% & ¥,°:
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Eliminating 7, in the equation for the control machine
stator flux 1, and using the rotor current equation and
transformed into d-q frame:
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Rearranging the control machine stator flux equations to
obtain the control machine stator currents:
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The active and reactive power flow equations for the
power machine are:
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If the power machine winding resistance is neglected, the
flux wvector is perpendicular to the voltage vector.
Consequently, the reactive power (Qp), is controlled by d-
axis current of the power machine (ispd), and the active

power (Pp), is dominated by the g-axis current of power
machine (z’qu).
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Then substitute the current of the power machine iqu
equation into machine reactive power Qp:
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The z’scd reference signal can be obtain directly from the

last equation:
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The total electric torque (T,) for BDFTIG is the sum of
both machines:
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3 The Control Design

When connected to the grid, the output voltage and
frequency of the generator machine will be fixed.
Therefore the indirect vector control scheme will control
the power flow through the power machine (reactive
power, Q, and active power Py) at any given operational
condition of the wind turbine. The P, and Q, of the power
machine stator can be controlled via the rotor circuit from
the control machine stator by adjusting the phase, and
magnitude of the stator current of the control machine.
The P, and Q, are proportional to the i * and iscd,
respectively. As shown in the control design, there are
three control loops with PI controllers; a rotor speed loop
and two currents loops. The g-component magnitude of
the stator current of the control machine is derived from
mechanical speed error. Speed control is also required for
machine synchronisation to the grid upon start up [9].
The d-component magnitude of the stator current of the
control machine is derived from equation (8).

The iscd and {;.° errors are processed by Pl current

controllers to give the voltage of the control machine vscq
and vscd respectively. The voltage compensation vscd' and
vscq' are subtracted from the control machine voltages
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respectively. The voltage compensation v;_ " and v, "
are used to ensure good tracking of control machine
stator current components and improves the performance
of the d-g control loop, subtract v and v, * from v, °
and v, voltage to obtain voltage references vscd* and
v, " respectively [9].
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The reference voltage v " and vscq* are transformed to
the a-p reference frame and later into three phase voltage
reference frame. The shaft speed feedback to speed
control is derived from equation (9).
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Fig 3- The Control System for a Grid Connected BDFTIG




4 Simulations Results
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Fig 4- The Block Diagram of BDFTIG Simulation in MATLAB/Simulink
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The BDFTIG system has been modelled using Matlab Simulink package as shown in Fig 4, the simulation results of indirect
vector control are shown below.
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Fig 5- The Simulink Results: Torque Load, Electrical Torque, Mechanical Speed, O/P Current, O/P Voltage and Control Voltage



As appear in the results the indirect vector control
scheme will control the power flow through the power
machine (reactive power and active power), at any given
operational condition of the wind turbine. Further, with
the de-coupled control scheme. The speed is adjusted by
the turbine pitch control to maximize the power
generated. The machine representatives are based on the
motor convention; consequently in the generator mode of
operation, such as electrical torque is negative.

5 Conclusions

In this paper, a new control scheme has been presented
for the BDFTIG which controls the power flow to the
grid based on the direct control of the stator voltage of
the control machine using a d-q model in the
synchronous reference frame. A theoretical model and
anexperimental control system have been described using
field orientated control, and the fundamental operational
advantages have been verified as shown. The MATLAB/
Simulink modelling package was used, to simulate the
control scheme for the BDFTIG.
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