Mansbura Engineering Journal, (MEJ), Vol. 30, No. 1, March 2005. E. 29
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Abstract - This paper presents the assessmen! and simulation of stand-afone wind driven doubly fed induction generator using neural
network controller. The machine shows the ability 1o generate constant voltage with constant frequency irrespective of the mackine

speed or load variations.

I. INTRODUCTION.

The doubly fed induction generator (DFIG) can
supply power at constant voitage and frequency, while the
rotor speed varies. This make it suitable for variable speed
wind energy application. Additlonally, when a bidirectional
AC-AC converter is used in the rotor circuit, the speed
range can be extended above synchronous speed and power
can be generated both from the stator and the rotor. An
advantage of this type of (DFIG) drive is that the rotor
converter need only to be rated for a fraction of the total
output power, the fraction depends on the allowable sub
and super synchronous speed range[1].

This paper presents the simulation results of a stand-
alone wind driven doubly fed induction generator (DFIG)
using classical constant (¥/f) closed loop control
scheme[2).The paper presents also the use of neural
network to stand as a look up table to replace the classical
constant (¥/f) conitrol scheme. The proposed neural
network determines the required magnitude and frequency
of the injected rotor voltage to maintain a constant stator
voltage magnitude and frequency({3].

I1. CLASSICAL CONSTANT (V) CONTROL

It is known that scalar control relates to the
magnitude conirol of a variable only, while the command
and feedback signals are dc quantities that are proportional
to the respective variables. Provided that the main control
sirategy is based on regulating the machine flux level to be
kept constant and closed to its nominal value, different
control methods of varying degrees of complexity have
been proposed and used for the scalar control of induction
machine. The nature of application dictates the acceptance
of particular method.

In order to operate at a constant flux level, the two
controllable parameters, rotor supply voltage (v,) and
frequency (f;) have to be adjusted for each operating
condition. A closed loop for doubly fed induction generator
(DFIG) control scheme, known as constant (V/) control
scheme, is shown in fig (I). The relation between the
supply voltage and frequency is linear except at low speed.
A voltape booster is provided at low speeds to compensate

for the stator resistance drop. Below synchronous speed,
the power is developed to the rotor. However, for super
synchronous speeds, the power is delivered from both
stator and rotor windings [2].
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I1i. PROPOSED NEURAL NETWORK CONTROLLER

In this section, the proposed method for controlling

the stator voltage is introduced through the magnitude and
frequency of the injected roior vollage hased upon the
artificial neural network. The training epoch used as an
input for the neural network is built depending on different
machine speed and different loading conditions. The input
data include the required rotor voltage and frequency to
maintain a constant stator voltage of 220V, 50 Hz for
different load impedance and different speeds[4].
The MATLAB function newff is used to creale a three-
layer tansig / tansig / purelin network with three inputs,
namely the load resistance, load inductance and the
machine speed, and two outputs, namely the rotor voltage
and frequency. As this function finishes training at 500
epochs, fig (2) dtsplays the follomng plot of errors[5 6 7
8].
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1V. EXPERIMENTAL SETUP

The experimental setup used to verify the previous
control scheme is shown in fig (3). The inverter used (o
inject a variable voltage, variable frequency, AC supply in
the rotor circuit is emulated by a synchronous machine
driven by a DC machine. The speed of the DC machine is
used to change the frequency, while the ficld current of the
synchronous machine is used {o confrol (he voltage
magnitude. The outpul voltage of the synchronous
generator is applied 1o the rotor circuit of the induction
generator. The wind energy is emuiated using another DC
machine to drive the induction generator. An exlend speed
range is obtained by varying the speed of the DC machine
used to drive the induction machine from sub-synchronous
lo super-synchronous speed.
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Fig 3. Experimental Setup for doubly fed induction generator

V. SIMULATION RESLUTS

The proposed control scheme is simulaled using
SIMULNK. Wind speed variation is simulated by varying
the machine speed from sub-synchronous to super-
synchronous speed. The desired rms output voltage is set
to 220V at a constant frequency of S0Hz.

The generator is driven al a constant speed of 1500 r.pm.
The machine is simulated for (wo different load
impedances. The first impedance is of 100€ resistance and
0.1H inductance, while the second impedance is of 200Q
resistance and 0.2H inductance. The machine output rms
voltage for the two different loads is shown in fig (4). The
output phase voltage is stable at 50Hz, 220V rms
irrespective load impedance. Fig (5) illustrates also the
stator flux linkage which is kept constant. This ensures that
the internal generated emf is kept constant irrespective of
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the load or machine speed variations. The rotor phase
voltages are illustrated in fig 5. The rotor voliage is a DC
for this speed. It is noted that the rotor voltage increases as
the load current increases. Also, the voltage magnitude
matches with that of the input epoch used for neural
nelwork training.

The same previous case is simuiated when generator is
driven at a conslant speed of 1400 r.p.m. The machine is
simulated for the same two different load impedances. The
machine outpul rms vollage for the two different loads is
shown in fig (6). The output phase voltage is stable at
SOHz, 220V s irrespective of load impedance. Fig (7)
illustrates also the stator flux linkage which is also kept
constanl.

The rotor phase voliages are illustrated in fig (7). The rotor
voltage is an AC of frequency of 3.333Hz for this speed. Tt
is noled that the rotor voltage is still proportional to the
load current. Also, the voltage magnitude matches with the
neural network training
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¥ig 6. Stalor phase voltage for different load impedances at 1400r.p.m

The effect of instantancous speed variations is also
simulated. The generator is firstly driven at a constant
speed of 1500 r.p.m then the speed is changed to 1450
r.p.m after 1 sec. The machine speed is shown in fig (8).
The load impedance is assumed constant with resistance of
10092 and inductance of 0.IH. The machine output rms
voltage is shown in fig (8). The output phase voltage is
stable at 50Hz, 220V rms irrespective of machine speed. It
is noted that the voltage transients are high becausc the
method of constant (¥/f) control suffers high transients. Fig
(9) illustrates also the stator flux linkage which is kept
constant. This ensures that the internal generated emf is
kept constant irrespective of the load or machine speed
variations. The rotor phase voltages are illustrated in fig
(9). The rotor voltage is DC when the speed is 1500 r.p.m,
When the speed is changed to 1450 r.p.m the rotor voltage
is AC with frequency of 1.667Hz. It is noted that the rotor
voltage increases as the load current increases. Also, the
voltage magnitude matches with that of the input epoch
used for neural network training.
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The effect of load variations is also simulated. The
generator is driven at a constant speed of 1500 r.p.m. The
machine is firstly connected to an impedance of 2000
resistance and 0.2H inductance then the load impedance is
changed to an impedance of 10002 and 0.1H inductance
afler | sec. The machine output rms voltage is shown in
fig (10). The output phase voltage is kept stable at 50Hz,
220V rms irrespective of the load variation. It is noted that
the vollage transients due 1o load variations are smaller
than that due to speed variations. Fig (10) illustrates also
the stator flux linkage which is kept constant. This ensures
that the internal generated emf is kept constant irrespective
of the load or machine speed variations.

The stator phase current is illustrated in fig (11)
which is shown to be increased when the load impedance
is reduced after | sec while speed is kept constant at 1500
r.p.m. The rotor phase voltages are also illustrated in fig
(11). 1t is noted that the rotor voltage increases as the load
current in¢reases. That correlates with the reural network
training output.
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V1. COMPARISON BETWEEN EXPERIMENTAL AND
SIMULATION RESLUTS

The experimental results for the system described in
section IV are compared with their comresponding
simulation resull in this section. The synchronous machine
is driven at a constant speed of 400 r.p.m, while its field
current is adjusted to control the injected vollage to the
induction generator rotor circuit. The corresponding output
frequency from the synchronous generator at this speed is
13.33 Hz. Moreover, the induction machine is driven at a
constant speed of 1100 r.p.m to ensure¢ that the stator
frequency is 50Hz. The stator output is connected to a three
phase pure load resistance of 200€2. The rotor voltage is
adjusted to control the output stator voltape at some
selected values. The rotor voltage and current are also
measured and compared with their corresponding
simulation results. Fig (12) illustrates the comparison
between both experimental and simulation results which
are shown to be very close to each other.

The system efficiency is calculated as the ratio
between the output power which represents the stator

M. soliman Abouzeid & Sufian Mohammed Hassan

output power (p.) and the inpul powers. The input
powers to the system are the mechanical power Prrech

and the injetied rotor power (p,).
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Fig, 12 Comparison between experimental and simulation
results.

VII. CHARACTERISTIC CURVES

The effect of loading on rotor quantities, namely the
rotor injected power and rotor power factor, rotor current,
rolor voltaﬁe, are illustrated in fig (13).
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The generator power gain, which is the ratio
between the stator output power and the injected rotor
power, is illustrated in fig (14) for two different speeds. It
is obvious that as the load increases the power gain
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increases to an optimum value then it decreases again.
Also, Lhe power gain increases as the speed increases.
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Fig 15. Effect of speed on rotor quantities with the
generator connected to a load of 100Q and 0.1H
inductance.

The speed effect on the same rolor quantities is also
illustrated in fig (15). Also, the cffect of speed on power
gain is iltustrated in fig (16). [t is noted that as the speed
increases the generator power gain increases for the same
output stator load. This means that the required injected
rolot power to maintain a constant output stator power is
reduced as the speed increases which improves the
gencrator power gain.
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VII:CONCLUSION

The Experimenital and simulation study of the doubly fed
induction machine performance in the generation mode
shows the ability 1o control the magnitude and frequency
of the statbr winding voltage through the rotor winding
imespective of the load or machine speed. A theoretical
and simulation study of the DFIG dynamic performance
shows that the proposed system is able to produce a
constant output wvollage with constant frequency
irrespective of load or rotor speed variations. This makes it
suitable for variable speed wind energy applications.

The experimental and simulation results of a stand-
alone wind driben doubly fed induction generator (DFIG)
using classical constant (V/) closed loop control scheme
was investigated. The experimental results was found to be
matched with the simulation results

The néura\ network was used to stand as a look up
table that determines the required magnitude and
frequency of the injected rotor veltage to maintain a
constant slalor voltage magnitude and frequency. The
neural network is irained using different specds and
different load conditions. The simulation to this contro)
scheme reveals that the output voltage can be maintained
constant irrespective of machine speed or load variations.

APPENDIX

{nduction machine data

The induction machine has the following parameters
referred to the stator side

R,=2.080, X,=5480, R, =7.15Q, X;;= 5480,
X =179.960
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