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ABSTRACT: In this paper, analyzing the operation of a
Permanent Magnet Synchronous Generator (PMSG)
based stand alone wind power system with Sensorless
Maximum Power Point Tracking (MPPT) and a system
for storing energy during wind speed and load
variations. In standalone system, power, balance and
power quality require the energy storage system. In
conventional systems, MPPT depends on wind turbine
parameters such as wind speed measurement and
turbine generator speed. The proposed wind turbine
and energy storage system supplies and delivers the
power absorbed by the connected loads. Thus the
resulting system has low cost and higher reliability. In
order to obtain the maximum power point tracking, the
duty cycle of DC-DC boost converter switch controlled
by the measurement of DC current and DC voltage.
Initially, the complete representation of entire system
consists of PMSG, the boost converter and the storage
system is achieved. Simulation results investigate the
good performance of the proposed approach with the
help of MATLAB/SIMULINK.

Index terms- Energy Storage, Sensorless MPPT,
Permanent Magnet Synchronous Generators, and Wind
Energy Conversion System

I INTRODUCTION

With ever increasing concern on energy matters, the
development of renewable energy sources such as wind,
solar and hydropower plant [1], [2], [3] for electricity
generation is gaining more attention. Considering the
different renewable energy sources, the wind power
generation is the most hastily rising energy sources.
Whatever power generators do in the classical power
system, similar function played by the group of microgrids
connected through power and data exchange highway [4].
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Renewable energy sources are more attractive due to
the high flexibility of the microgrid and easy combination
[5], [6]- Wind energy is easily controlled. The maintenance
required by the turbine generator is tolerable and no fuel
cost. Hence wind energy conversion systems are the most
important one for supplying electricity in standalone
systems. In order to implement electromechanical
conversion and control, many electrical machines can be
used which describes several advantages and disadvantages

[7], [8].

In case of small scale wind power system, the major
subject of much research is the study about permanent
magnet synchronous generator (PMSG). Permanent magnet
synchronous generators are most widely used in small
power wind systems. Due to its high power density and
small size, it is used in low power wind energy
applications. The major benefit of PMSG is the property of
self excitation, which permits an operation at a high power
factor and high efficiency. Diode rectifier could be used at
the generator terminal because of that no excitation current
is necessary. The main concept used in this paper is PMSG
linked by a diode rectifier and a boost converter to the DC
link for small and medium power ranges [9],[10],[11].

The use of an energy storage device such as a
battery can extensively improve the consistency of a small
stand alone wind system due to the high flexible nature of
the wind. The consistency of the power supplied to the load
can maximized by integrating right energy storage system
in combination with a wind generator and that also
removes the fluctuations [12], [13]. To expand the wind
energy converted into electricity, the wind power converter
may be operated in the autonomous system. The
dissimilarity between the wind power generation and
utilization of operator being directed to or supplied by the
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battery energy storage device linked via the power
electronic interface [2].

The lead-acid battery has many merits of low price,
high unit voltage, stable performance and a wide range of
operating temperature. So they are the main energy storage
technology [14], [15] and as key components in the
advancement of the standalone wind energy system [16],
[17].

I SYSTEM DESCRIPTION

This paper used 50kw wind turbine furnished with
following; 1)A direct driven PMSG;2) An ac/dc
converter(diode rectifier bridge + boost converter) for
tracking the maximum power in sensorless approach;3) A
LAB storage device;4)An inverter;5)A transformer and 6)
resistive load. The proposed standalone wind power system
provides three phase load at 440V/50Hz. The wind energy
is reformed into the mechanical rotational energy of the
wind turbine rotor. A wind turbine cannot extract the full
power from wind.
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Fig.1. Wind turbine configuration

The wind turbine rotor is linked to the wind
generator converts the mechanical energy into electrical
energy. An ac/dc converter converts the generator’s ac
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voltage into dc voltage. The similarity of the generator’s ac
voltage to the dc voltage is done by rectifier, during which
boost converter supplies the required level of constant dc
voltage. The dc output voltage is fed to the battery bank
and through an inverter further to the load. For different
wind speeds, the voltage should be staying constant. When
the wind speed is too high, the excess power provided is
kept in the battery. When the wind speed is low, the
generator connected with the battery bank, can supplies
sufficient energy to the loads.

During high speed, the turbine control system
stops the energy production. When the battery is fully
charged, the same protection is activated and energy
production exceeds consumption. During low speeds, load
shedding keep the frequency at rated value. The dc loads
are provided directly from the dc circuit. The battery
storage system consists of a LAB and a full-bridge single-
phase inverter that converts the battery dc voltage to ac
voltage. Furthermore, this voltage inserted to a three phase
transformer, which boost up the voltage to 440V. The
power transfer controlled by the inverter.

A. Modeling of PMSG

In the two-phase synchronous reference frame is
used to derive the dynamic model of PMSG in which the d
axis is 90° behind the q axis with respect to the direction of
rotation. The electrical model of PMSG in the synchronous
reference frame is given by (1) [18]

diy R, Ly, 1
—_—= + — g +—
dt L4 Cer T

a-_Re; <5i +iw >+iu @
dt Ly ¢ A\Lg ¢ LgPM Ly ¢
Where the subscript d and q refer to the quantities that
have been transformed into d-q synchronous rotating
reference frame. Where R, is the armature resistance; e IS
the electrical rotating speed which is related to the
mechanical rotating speed of the generator as we=n, . ©,
where n, is the number of pole pairs; and ey is the
magnetic flux of the permanent magnets. The
electromagnetic torque can be derived as shown in [23], to
be

Te = 150, [(La = Lg)idiq * Wpyiql- @)
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There is no saliency when PMSG is taken (where
Ls=L4=L) (1) can be rewritten as
dig R,

gt~ L et Ol

dig R,. o1 1
=Tl 0o Do)+ 00 ©)
and the electromagnetic torque can be regulated by iq as

Te = 150, ¥pylq- 4)

B. Modeling of Boost Converter

The interface between the battery and the rectifier
capacitor achieved by the unidirectional boost converter
and ensures the sudden transfer of power [19]. The block
diagram is shown in Fig.2(a), and a simplified model of the
boost converter is shown in Fig.2(b).

The voltage and current relationship between the
primary and secondary sides is given by (5) and (6)

Vdc
W = 1:113 )
Ib = ILconv(l—D) (6)

Where D is the pulse-width modulation (PWM)
modulation factor.

If Vg¢ = V, that is the boost converter is not
working, then the current provided by the generator is
channeled through the bypass Schottky diode Ds. There is
no power loss in the converter is assumed in the equations
(5) and (6). Two controlled current sources models the
input and output signals of the boost converter shown in
Fig.2(b)
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Fig.2(b). Equivalent circuit of the boost converter

The output of the regulator added with the positive
voltage reaction, which equals 1 V4/Vy. The reference for
the PWM generator used here is the modulation factor D is
obtained shown in Fig. 3.

I'Lcon D St
@ PI \/—I-\ PWM
= +
ILconv
Vi 1 Vdc
Vb Vb

Fig.3. Control diagram of boost converter
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C. Sensorless MPPT

In this paper, by measuring the DC voltage and
current of the uncontrolled rectifier the maximum power
point tracking from the wind turbine. By these values, the
power can be easily calculated. Comparison between the
current and previous values of DC voltage by using
suitable delay time can be done. In order to control the
value of duty cycle for the DC-DC boost converter, the
MPP algorithm needs to sense the power and the sign of
the change in DC voltage[20]. Relation between
mechanical power and DC voltage as shown in Fig.4.

i !l
‘Pnpﬂ'!-

\ ‘J;-s

W2, W idspesd

Mechanical Power (W)

e

Vet Va2 Ve

DC Voltage(V)

Fig.4. Relation between Mechanical power and DC
Voltage

The algorithm of MPPT includes several steps,
which can be reduced as follows:

1).The value of DC current and DC voltage is measured at
the uncontrolled rectifier terminals.

2).The value of the DC power from DC current and DC
voltage values calculated.

3).The value of duty cycle (D) is increased or decreased by
a certain perturbation value (AD).

4).The sign of (AP) and the sign of (AVy) are calculated.

5).The duty cycle of DC-DC boost converter can be
changed, where there is a relation between duty cycle, rotor
speed and DC voltage.

Copyright to IJIRSET

Www.ijirset.com

6).To find the maximum operating point repeats the steps
4-5.

To get the value of dutycycle inorder to achieve MPPT at
any value of the wind speed to the cut out, the steps of
MPT technique algorithm indicated in Fig.5.
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Fig.5. Flowchart of MPPT Control

D. Energy Storage System
To provide the desired value of the inverter battery
voltage, the energy storage system is consists of a single-
phase MOSFET inverter and a bank of LABs 120 V each
connected in series. When the wind speed is too low, the
LAB is able to supplement the power provided to the by
the wind turbine.
The equivalent circuit model of the LAB includes a
controlled voltage source (Ep), linked in series with the
internal resistance ( Ri,) and the battery voltage (Vp). It is
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known that the controlled voltage source depends on the
charging state, battery type, and temperature and expressed
by the following relationship:

K.

—tQ )
Q- J;lpdt

Where Ey, is the no-load battery voltage at the rated
charge, Polarization voltage is K, Battery capacity is Q, and
I, is the battery current. The state of charge (SOC) of LAB
has a parameter that is the input of the
charging/discharging controller.

By = Epo —

1 t
SOCy = SOCopu) + (Q_n fo Ibdt>.100 ®)

Where Q, is the rated capacity of LAB
I11. SIMULATION RESULTS AND DISCUSSION

In this system model we get the output of 3ph AC
voltage and the corresponding current. Hence the system is
operating under the generation by the permanent magnet
synchronous generator PMSG. The proposed system has
been modeled and simulated using the Matlab/Simulink
environment.

The output voltage of permanent magnet synchronous
generator connected to wind turbine produce electrical
energy shown in Fig.6. Generator AC voltage getting is
300V.This is connected to diode rectifier, boost converter
and load. The output of boost converter as shown in Fig.7.
is constant dc voltage. Boost converter variable dc voltage
to constant dc voltage to constant dc voltage. This is the
state of charge of battery as shown in Fig.8. State of charge
is capacity of battery which can hold.

Battery used here is lead acid battery has many
advantages. Lead acid battery output voltage is shown in
Fig.9. Battery output getting is 450V. The output voltage is
three phase AC voltage of 615V is shown in Fig.10. Output
current of load as shown in Fig.11. Load used here is a
three phase RLC load.
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Fig.9. Output Voltage Of Battery
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Fig.11. Load Current

IV. CONCLUSION

In the proposed system, standalone PMSG with
sensorless MPPT includes an associated energy storage
system, with the role to stabilize the output voltage. The
main original contributions of this paper are the following:
1) the development of sensorless approach in MPPT 2)
battery SOC monitoring, with optimal conditions for
battery charging. The sensorless approach in MPPT which
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controls the power electronic interface will ensure a
maximum extraction of energy from available wind.
Sensorless approaches reduce cost and increase reliability
and performances of the systems. The LAB always ensures
the safe supply of the loads (households), regardless of the
problems caused by wind speed or load variations, by
switching between the charging and the discharging modes.
The proposed system can effectively provide reliable and
good quality power to the customers in the autonomous
power system.

In this system the operation of standalone PMSG
based wind energy system with sensorless MPPT. The
simulation was carried out on MATLAB (r2013a) in order
to analyze the control structure for three phase standalone
wind-based energy sources.
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