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Abstract- In recent times, the best control strategic method for control of Wind Turbine systems is Model based Predictive
Control (MPC) in the view of fast dynamic responses and robustness to variation of parameters. MPC strategy is adopted to
presage the future behavior and to procure optimal applied voltage to system for cost function to be minimal. It is applied
for both Synchronous generator side control(SGSC) and Grid side control(GSC) of PMSG Wind Turbine system. The
proposed technique is MPC using fuzzy controller. The simulation results presented in terms of Total Harmonic Distortion
(THD) of current waveforms in order to show the significant improvement in performance of MPC with fuzzy controller
than MPC with PI controller
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1.1. INTRODUCTION

In present trends, to meet the global energy demands the rapid expanding renewable source is Wind Energy[2]-[3].
With increasing cost of electricy from Non renewable energy sources and diversification of energy market,wind generation
plays prominent role in distributed generation.Various control strategies have been implemented to enhance the reliability and
efficiency of Wind generation systems as it is connected to grid. Even after disturbances wind turbine system has to be
remained in connection to grid.

On the basis of the wind turbines implanted worldwide , they are generally c into two types: one is with a gearbox
model, and the other is gearless model. Gearbox model consists of doubly fed induction generator (DFIG) Whereas gearless
model has direct drive mechanism with permanent magnet synchronous generator. The Wind Energy Conversion System
(WECS) with direct drive based permanent magnet synchronous generator (PMSG)[3] is one of the propitious wind energy
generation systems. Its advantages include high reliability, good thermal characteristics, low weight, low mass per unit of
power and a small generator size. A typical PMSG wind turbine system model is shown in Fig 1. The kinetic energy of
wind is taken by windturbine and converts into mechanical energy.The electrical enrgy is obtained by converting mechanical
energy through PMSG. Back to back converter with bidirectional power flow is interfaced between PMSG and grid. This back
to back converter system consists of both the Synchronous generator side converter and the Grid side converter which is an
AC to DC and AC to DC converter.

To control the PMSG based wind Turbine system[4] the current control techniques of the GSC and the SGSC
become an important part. National standard performance[5] of grid codes can be achieved by proper control methods. Many
current controlling approaches have been developed specially for power electronic converters[8]. Among them, generally we
use Field oriented control (FOC), Direct Torque control (DTC) for the control of SGSC, and the Direct Power Control
(DPC)[9] , the DPC-SVM[10] for the control of GSC.

Now a days, Model predictive control exhibits excellent performance [9]-[10] in real time computation of controlling
the both SGSC and GSC[7]. MPC model can presage the system future behavior and can be selected the optimal applied
voltage for minimizing the cost function
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Fig.1. Wind turbine system with PMSG

1.2 PMSG MODEL

Permanent magnet in PMSG resembles the DC excitation circuit in synchronous Generator. The equivalent circuit in
d and g axis is shown in Fig.2.

Fig.2 Equivalent circuit on d axis and q axis

The equations of the flux linkage and voltage of PMSG are given below:

Psa = Lsd isd + Pra (l) (psq = qu isd (2)

. dos, . do
Vsa = Rsisq + Td — W4q Psq 3) Vsq = Rsisq + d—:q + Wiq Psa 4)

The mechanical equations of the PMSG are expressed as follows:

jio

dt=Te_TL_fw (5)

3 . .
Te = 2 p((psd lsq + @rg lsq) (6)

Where the dg components of the stator current vector are iy, and i,,, the dg components of the stator flux linkage
are , ggqand @, the permanent magnet flux linkage is ¢, , the dg components of the stator voltage vector are Vi, and V,,
the angular electrical rotor speed is wg, , the rotational speed is w, the number of pole pairs is p, the dq stator inductances are
Lgq and Ly, , the stator resistance is Rg, the friction coefficient is f, inertia coefficient is J and the electromagnetic torque
applied to the PMSG rotor is T,.
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1.3.GSC MODEL

For interface between the converter and the grid, L filter is used as shown in fig 1. where Ly represents inductor and
Rq represents serial resistance. The mathematical analysis of the GSC in dq axis is expressed as follows:

P = Vgalga + Vyqlyq U] Q =Vyqlga + Vgalgq )
Lot = Ly = Ryigg + wylyigg — Veonsa) (9 oo = Ly —R,i Lyigg —Viowsg) 10
Tar 1, \ed T glgd T Wglglgg — Veonvd 9) Tae T n, Vea T glgqg — Wglglga — Veonvg )

Where the dg components of the current vector of grid are iy, and iy, , the dq components of the voltage vector of
grid are V4 and V,, and the angular frequency of the grid voltage is w,. The dq components of the output voltage vector of
converter are Veou,q and Vo, - The inductor and resistor of the L filters are respectively L, and R,. The instantaneous time
derivatives of grid current are diy, /dt and dig, /dt.

1.4 .Model Predictive Control Strategy:

MPC anticipate the change in the dependent variables of the modelled system that will be caused by the independent
variables. It is based on the iterative, finite optimization of model.

MPC based algorithm controls internal current loop of both SGSC & GSC in dg synchronous reference frame. In
SGSC, at minimum current, the maximum torque is obtained by setting the d componenet stator reference current to zero and
external speed control loop uses Pl controller[1]. In GSC, to impose a unity power factor , the g component grid reference
current is set to zero where as d component is calculated by using PI controller in external dc link voltage control loop[1].

This project proposed the MPC based PMSG Wind turbine system with fuzzy controller in place of PI controller.

1.5 .Fuzzy Logic Controller

Fuzzy logic control system is basically composed of four major elements as shown in Fig.3. They are fuzzification
interface, rule matrix, fuzzy inference engine, and defuzzification. Each block along with basic fuzzy logic operations will be
explained in more detail.

rule
maltrix
INPUT ’ ‘
- b{fumf:(.‘ll on |- Y = defuzzfication -m= OUTPUT
fuzzy . ‘
interference
engine

Fig.3. Block diagram for FLC

1.5.1. Fuzzification

Fuzzification involves domain transformation form crisp inputs to fuzzy inputs. Triangular membership functions with
five levels are taken. As shown in Fig.4. and Fig5. the membership functions of change in error and error. These level can be
described as where PS (positive small), PB (positive big), ZE (zero), NS (negative small), and NB (negative big) each level is
described by fuzzy set. To obtain system best performance the membership functions has been determined by trial and error
approach.
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Fig.4. Membership functions of error Fig.5. Membership function of change in error

The Membership functions used in fuzzy logic have different shapes or forms such as triangular, trapezoidal,
generalized bell and Gaussian membership function. In many applications commonly used type of membership function is
triangular. The type of the membership function can be context dependent and it is generally chosen arbitrarily according to the
user experience.

1.5.2. Fuzzy Rule Base

The each input variable has five membership functions and hence a total of twenty five rules can be framed. These
rules are framed in rule editor where Mamdani’s minimum implication method is employed to get the output fuzzy set for
every rule.

Table.1. Control strategy based on 25 Fuzzy controls Rule with combination of five error states multiplying with five
changes of error states

Change Error
in error
NB NS ZE PS PB
NB NB NB NS NS ZE
NS NB NS NS ZE PS
ZE NB NS ZE PS PS
PS NS ZE PS PS PB
PB ZE PS PS PB PB
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1.5.3 .Fuzzy Inference

The process of creating a mapping between input and output using fuzzy logic is known as fuzzy inference shown in
Fig.6.
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Fig.6 .Fuzzy Inference system

1.5.4 Defuzzification

The output of the inference mechanism is fuzzy output variables. The fuzzy logic controller must convert its internal
fuzzy output variables into crisp values so that the actual system can use these variables. This conversion is called
defuzzification. The output membership function is as in fig.7.
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Fig.7. Output Membership function
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1.6 SIMULATION RESULTS

The fixed parameters of Back to Back converter during simulation procedure were taken into account as shown in
Table.2..
Table.2. Fixed parameters of Back to Back converter with P1 and fuzzy controller

Parameters Values
The initially charged voltage of dc-link capacitor 500V
The reference dc-link voltage V. was to set 600V
The d axis stator current reference i;, Zero amps
The q axis current reference of grid iy, Zero amps
The speed reference of PMSG was to set 250 rad/s

1.5.1 Simulation results of MPC for SGSC with PI controller

The Fig.8. and Fig.9. shows the obtained simulation results of MPC for SGSC with PI controller.

Speed(rad/s)

1 05 06 o7 08

Timé(sec)

Fig.8.Simulation response of PMSG tracking performances

Fig.9.Simulation response of PMSG stator currents waveforms
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Fig.10.THD of PMSG stator current

1.5.2 Simulation results of MPC for GSC with PI controller

The Fig.11, Fig.12, Fig.13, Fig.15 and Fig.17.show the obtained Simulation results of MPC for GSC with PI
controller.
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Fig.11. Simulation response of response of dc-link voltage to 600V step reference applied to the reference dc-link voltage
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Fig.12. Simulation response of dc-link capacitor which was initially charged to 500V
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Fig.13 .Simulation response of Grid current before L, variation
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Fig.14. THD of grid current response before L, variation

Fig.15 Simulation response of Grid current with L, variation (AL=50%)

Fundamental (60Hz) = 0.8738 , THD= 62.19%
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Fig.16. THD of Grid current response with L, variation (AL=50%)
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Fig.17. Simulation response of Grid voltage V,, and current i,, waveforms during steady state Operation

Fundamental (60Hz) = 2431, THD= 34.70%
T T T T T T

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig.18. THD of grid current iy,

1.5.3. Simulation results of MPC for SGSC with FLC

The Fig.19 and Fig.20. shows the obtained simulation results of MPC for the SGSC with FLC.
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Fig.19. Simulation response of PMSG tracking performances.

Fig.20 Simulation response of PMSG stator currents waveforms

The Fig.20. shows the PMSG stator current response. It can be noted that with increase of load torque, the stator
current izg,. increases
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Fundamental (60Hz) = 1.261 , THD= 11.26%
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Fig.21. THD of PMSG stator current

The THD is obtained by using FFT analysis. And THD is obtained for only currents but not for the voltages. As
shown in Fig.20.the obtained THD for the stator current iy, was equal to 26.16%.

1.5.4. Simulation results of MPC for GSC with FLC

The Fig.21, Fig.23, Fig.24, Fig.25 and Fig.27. shows the obtained Simulation results of MPC based control for the
GSC with FLC.
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Fig.22. Simulation response of dc-link voltage response to a step reference of 600V applied to the reference dc-link voltage

Voltage(volts)

01 0z 03 (‘74 0.5 06 a7 0.8
Time(sec)

Fig.23. Simulation result of dc-link capacitor was initially charged to 500V
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Fig.24. Simulation response of Grid current before L, variation
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Fig.25. THD of grid current response before L, variation

Fig.26. Simulation response of Grid current with L, variation ( AL=50%)

Fundamental (60Hz) = 1.199 , THD= 8.02%
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Fig.27. THD of Grid current response with L, variation ( AL=50%)
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Fig.28. Simulation response of Grid voltage V,, and current i,, waveforms during steady state Operation

Fundamental (60Hz) = 3.841 , THD= 13.97%

Mag (% of Fundamental)

O = N W & 0o N
T
L

0 200 400 600 800 1000
Frequency (Hz)

Fig.29. THD of grid current iy,

Table .3. Comparison performance between Pl Controller and FLC

PI Controller FLC
S.No. Variable Name THD (%) THD (%)
1. PMSG stator currents 32.32 11.26
) The response of grid current before Lg
' variation 54.81 12.02
3 The response of grid current with Lg
' variation (AL = 50%) 62.19 8.02
4 Grid current i, waveform during study
state operation 34.70 13.97

The table.3. shows that the FLC gives the best performance over the PI controller.

1.6. CONCLUSION

The first part is focused on control of the SGSC where the speed controller is performed via a Pl controller and FLC
includes an internal current control loop, which is based on the MPC current controller.

The second part is focused on control of the GSC where the dc-link voltage controller is based on a PI controller and
FLC includes an internal current control loop, which is based on the MPC current controller. The results show that the fuzzy
logic controller performances were better than PI controller. It has been shown that the developed MPC based controller is
robust to variation in inductance and has high transient dynamic and low harmonic distorted grid current.
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