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Abstract— This paper proposes an improved control of
variable speed wind energy conversion system that consists
of permanent magnet synchronous generator (PMSG). The
system uses fractional order Pl controller to get the desired
active power at the PMSG output terminal and load terminal.
The simulation results in terms of active and reactive power
at PMSG output terminal, PMSG output voltage, active and
reactive power at inverter output terminal, DC link voltage
and load voltage at resistive load are analyzed.
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. INTRODUCTION

In high performance applications, the Permanent Magnet
Synchronous Motors (PMSMs) are becoming popular as
compared to other types of ac motor due to some of their
advantageous features including high torque, high power,
high efficiency and low noise. Permanent Magnet
Synchronous Motor (PMSM) has been widely used in high
performance applications due to its advantages such as
compactness, high efficiency, and reliability, high torque to
current ratio and large power to weight ratio [1]. PMSM drive
performance mainly depends on the quick and precise
response of the system, as well as on the robustness of the
control strategy [2]. In order to achieve dynamic
performance, the vector control, also known as field-oriented
control (FOC), of the PMSM drive is employed [3]. In fact,
FOC relies on the space vector pulse width modulation
(SVPWM) control strategy. By using SVPWM, the PMSM
control becomes almost the same as the DC motor control [4].

In the FOC PMSM drive, the d-q axis current control
plays an important role in determining the overall system
performance [5]. Therefore, an intelligent current controller
claims meticulous consideration for the high performance
FOC PMSM drive systems. Moreover, the current controllers
should be designed first to ensure current regulation with
adequate dynamics and zero steady-state error, irrespective of
the reference signals behind them [6]. There exist several
controllers for controlling currents in FOC PMSM drives [7—
8]. In order to eliminate the steady-state error, the
proportional-integral (P1) controller can also be used. The
controller design for PMSM model plays an important role in
the system performance. Usually, the P1 control is used in the
speed loop of PMSM closed loop control system. Control
algorithm of the conventional Pl control strategy is easy to
realize, so higher steady-state accuracy could be acquired and
it could be widely used in engineering practice [9]. On the
other hand, the adverse nonlinear nature of PMSM interior
variables, the coupling characteristics and the external
disturbances make it difficult to build the accurate
mathematical model of controlled object and the controlled
object often changes with the working condition. The

expected control performance index could only be acquired
through precise mathematical model and dynamic response
of the system [10].The main advantage of conventional Pl
controllers is that they are easy to implement. However,
conventional Pl controllers suffer from problems due to
changes in system dynamics or variation in operating points
as a result of parameter variations. These problems may affect
the system performance using controllers that have fixed
parameters. To overcome such deficiency, more efficient
controllers such as fractional order PI controllers are used by
tuning the parameters on-line of the FOPI controller. [11]For
the better understanding of fractional calculus a considerable
amount of attention is given to the fractional-order
controllers. Fractional order controllers are studied through
modelling and control systems [12]. Due to the intensive
research for developing both fractional Pl and PID
controllers. The performance of PI controllers with fractional
order system can be improved by extending from integral
order to fractional order.

Il. PROPOSED SYSTEM

Wind energy obtained from wind turbine is sent to the
permanent magnet synchronous generator. The output power
is then supplied from PMSG to the load via back to back
converter. Inverter side converter is controlled by fractional

order PI controller.
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Fig. 1: Wind Energy Conversion System Using FOPI
Controller

A. Wind Turbine Model
The wind turbine model is based on the steady state power
characteristics of the turbine. The output power of the turbine
is given by the following equation.

P = 6o (A B) Vi ina )

Where P,,= mechanical output power of the turbine
(w), cp= performance coefficient of the turbine, p= air density
(kg/m3), A= turbine swept area (M?), Vyinq= Wind speed
(m/s), A = tip speed ratio of the rotor blade tip speed to wind
speed, B = blade pitch angle (deg).

B. Generator Model

The PMSG model is same as the permanent magnet
synchronous machine (PMSM). After giving negative torque
to the input of PMSM it behaves like PMSG. The voltage and
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torque equations of the PMSM in the d-q reference frames are
given by the equations:

. di )
vqg = Ruig + Ldf - WC.quq (2)
Vg = Wclgig + Raig + Lq%’ + w.K 3)
Te = p {Kiq + (La — Lq)ialq} ey

Where vgandv, are the d-q axis voltages,
iq and i, are the d-q axis currents, Ra s the stator resistance,
Lqg and Lq are the d-q axis inductances, wc is generator
rotational speed, K is the permanent magnetic flux and p is
the number of pole pairs [1].

C. Controller Design

1) Fractional Pl
The fractional order PI controller has already been used in
various control fields. Fractional calculus is generalization of
ordinary calculus. The transfer function of fractional order PI
is given by:

G(S)a = Kp +5t ®)

Where Kp is the proportional constant, K; is the
integral constant and a is the fractional PI order. In the case
of conventional PI controller (a0 =1).

The fractional order Pl controller block contains
transfer function. In simulation the transfer function can be
written in the form of b = {0.4, 500}; nb={1,0}; a={1,0};
na={0.8,0}; G = fotf(a,na,b,nb)

Where b is coefficients present in numerator of
transfer function, nbis order of sdomain, a is the coefficients
in numerator and na is the fractional order term.

It gives transfer function as

0.4s + 500
G(s) = g0
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Fig. 2: Inverter control system

1. OPTIMIZATION TECHNIQUE

A method of ideally getting the optimal values of gain for
corresponding controller in permanent magnet synchronous
generator based wind turbine system. In this paper nelder
mead algorithm is used to get the optimal value.

A. Nelder- Mead Algorithm

The technique keeps up at each progression a non-decline
simplex, a geometric figure in n measurements of nonzero
volume that is the curved structure of n + 1 vertices. Every
emphasis starts with a simplex, determined by its n + 1
vertices what's more, the related capacity values. At least one
test focuses are processed alongside their capacity values and
the emphasis ends with limited level sets. In MATLAB, a
standard capacity fminsearch() has been characterized which
mimics the Nelder—Mead calculation.

One possible variation of the NM algorithm to
minimize the function f(x) where xeRn our current test points
are X1, X2,....coooiiiin.. Figure 3 Flow Chart’
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Fig. 3: Flow Chart

IV. RESULT AND ANALYSIS

Simulation of proposed model is performed after using
appropriate parameters. In which active, reactive power and
voltages have been simulated. Figure 4 shows different
simulink results. Figure 4(a) shows PMSG output voltage
whose amplitude is 118volts. Figure 4(b) shows PMSG active
power whose magnitude is 545W. Figure 4(c) shows PMSG
reactive power that varies between -100 to 100 VAR. Figure
4(d) shows dc link voltage that presents between diode
rectifier and IGBT inverter whose amplitude is approx. 175
volts. Figure 4(e) shows load active power that is stable in
nature whose amplitude is 350W. Figure 4(f) shows load
reactive power whose amplitude is zero as desired because
resistive load has been chosen for the system. Figure 4 (g)
shows three phase load voltage whose magnitude is 1.2 pu
with base voltage of 160volts.
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Fig. 4: Results (a) PMSG voltage (b) DC link voltage(c)
PMSG active power (d) PMSG reactive power () output
active power (f) output reactive power (g) load voltage

V. CONCLUSION

In this paper the control scheme for wind energy conversion
system using PMSG to achieve active and reactive power
regulation has been discussed. The whole system consisting
of wind turbine, PMSG, AC-DC-AC converter, load and
FOPI controller has been mathematically modeled and
simulated. The results are calculated for two different values
of reactive power at load parameters. The proposed method
achieves the following (a) A simple and stable power
smooathing. (b)
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