Design of Permanent Magnet Synchronous
Generator for Wind Energy Conversion
System

Abhishek Sahu, Sanjeev Gupta, Vinod Kumar Singh,
Akash Kumar Bhoi, Amik Garg and Karma Sonam Sherpa

Abstract It describes about the power and potential of wind energy that can be
used to meet energy demand in future. The detailed illustration of generator and
wind turbine has focused on interconnection of the generators and the troubles
allied with it. For the generation of power from the wind, wind turbine, and PM
synchronous generator are designed using MATLAB/Simulink. The results of this
simulation authenticate the validity of developed WECS.
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Table 1 All renewable

enersies installed capacity in S. No. | Source power Total install capacity (MW)
India (ill 31 Dec 2014) L Wind 22465.03
2 Solar (SPV) 3062.68
3 Small hydro power 3990.8
4 Biomass 1365.2
5 Biogases cogeneration | 2800.35
6 Waste to power 107.58
Total 33791.74

1 Introduction

Recently, the injurious effect of global warming and emission of carbon is con-
siderably augmented. Due to which clean and extensive renewable sources such as
wind, sun, ocean, and biomass energy come in more demand. Among all sources,
wind energy has the maximum growth in the last decade. The reason that wind
energy is free from toxic waste and continuously available natural source of energy,
which is endless source and having great potential [1-4].

There are two factors which stimulate interest for the research in PMSG tech-
nology for wind turbine. First one is the significant growth trend of wind generation
demonstrates its importance in meeting global requirements for electrical power in
future and second, as wind generation technology progresses, the PM synchronous
generator has potential to supplant this technology as primary means to the gen-
eration of electricity for large scale wind turbines [5-8].

This paper aims to simulate the controller of three-phase PMSG system, which
will be built-in in a small wind turbine of fixed pitch variable speed. The wind
turbine will be used to provide electricity for farm, business industries with the
main electric supply in the India. The whole system consists PMSG, AC/DC
convertor, DC link, PWM inverter and LC filter, and 3-phase load, and objective of
the system is to develop the simulation model (Table 1).

2 Proposed Methodology

Figure 1 explains the main components of wind energy conversion system (WECS)
such as Wind turbine system, generation system, DC/AC converter, and the load.
Figure 2 shows PMSG system.

1. Wind turbine system: it converts the potential of wind energy into the rotation of
the turbine, which is responsible for generating mechanical energy.

2. Generation system: the generation system converts the mechanical energy
output into electric energy.
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Fig. 1 Main components of a WECS

Fig. 2 Proposed system of a variable speed PMSG-based WECS

3. AC/DC converter: this AC/DC converter, i.e., rectifier is a full-bridge converter
circuit.

4. DC/AC inverter: the PWM is selected to implement DC/AC converter. The
controller takes voltage signal and current signal, in order to generate a signal to
control the IGBT to attain a closed loop full-bridge voltage source inverter.

5. The load: a three-phase load is connected to the output end to measure the
output results.
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3 Modeling of the System

The turbine blades of wind extract kinetic energy and convert it into mechanical
energy. Hence, the kinetic energy associated with an object having mass m rotating
with velocity v is equal to the following:

1
Ezimv2 (1)
dE 1
P, = — = - pAY> 2
5 = 3P 2)

where

P,, mechanical power
T,, mechanical torque
A rotor area; A = mr
v wind speed in m
Cp coefficient of power

o speed ratio of tip

f  pitch angle of rotor blade in radian

2

Air density p = py — 1.194 % 10~'* (where p, = 1.225 kg/m® known as the air
density at T = 298 K).

4 Extraction of the Power from Wind
The power that contained by the wind can be calculated as

1
Pying = EpairnRZV\flind 3)

where p,;, = 1.225 kg/m? is the density of air.
The extracted power from the wind is

Pplage = CP(%ﬁ)Pm (4>
1 3
Phlage = ECP(OC, B)pAv: (5)
The rated speed is the point on power curve, wherever the power output begins

to level out. Typical height of turbine is around 50 m, now increased up to
80—-100 m. The manufacturers are also trying to increase the length of blades of
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Fig. 3 Typical power curve between turbine output power versus turbine speed

rotor. The motive for this is the indirect relationship between the output mechanical
power and tip-speed ratio (1) of the rotor which is shown in Fig. 3.

wturbR
;\. i — 6
Vwind ( )
Prech = C;/zpairnR2(wturbR/)")3 (7)

where wy,p 18 the turbine rotational speed, as the turbine’s rotor radius increases,
the tip-speed ratio decreases, allowing for better output. After this stage, the output
has given to the power convertor. AC voltage at fundamental frequency is related
with DC voltage by Eq. (8)

1
Vg = ——=mpVp/d 8
B zﬁmBBB ()

m, modulation index.
/6 Phase angle.

The primary stage is rectification, also known as AC to DC conversion. The
essential form of a rectifier is three-phase diode bridge, in which upper group diode
will pass the positive cycle of a sine wave, and the lower group diode will pass
negative cycle of a sine wave. A one-phase DC output can be calculated as given in
Eq. (9). In the stage of inversion the output of DC link converted back into



28 A. Sahu et al.

alternating current output, which is achieved by three-phases switching circuits,
(MOSFET or IGBTSs).

2V
Vg = bk 9)

For a three-phase bridge converter, this will have to be multiply by three.

5 Results and Discussion

The WECS is built via MATLAB/Simulink with base wind speed is supposed as
8—12 m/s. The simulation results for the proposed system are given in Figs. 4 and
5. The output voltage wave forms of wind turbine are shown in Figs. 6 and 7. The
output voltage waveforms of the wind turbine are shown in Fig. 8. The output
waveforms of the AC-DC-AC convertor subsystem are shown in Fig. 9, which
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Fig. 4 AC-DC-AC converter model subsystem
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Fig. 5 Mechanical torque at wind speed 12 m/s
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Fig. 6 Electrical torque of the generator at 12 m/s
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Fig. 7 Output current /, of the generator at wind speed 8 m/s
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Fig. 8 RMS line current at 12 m/s

shows the RMS output voltage at wind speed 10 m/s. Also Figs. 10 and 11 show
output line current at wind speed 12 m/s and three-phase output voltage on load
(Fig. 12), respectively. Figure 13 describes the output RMS current on load at wind
speed 12 m/s, and Fig. 14 shows the modulation index.
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Fig. 9 Inverter output voltage Vab at wind speed 10 m/s
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Fig. 10 RMS output voltage at wind speed 10 m/s
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Fig. 12 Three-phase output voltage on load
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Fig. 13 Output RMS current at load at wind speed 12 m/s
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Fig. 14 Modulation index

6 Conclusions

This paper tries to maximize the yield of wind turbine by means of PMSG. The
variable speed has been selected because of higher energy gain to reduce stress.
A variable speed WECS has been developed using the MATLAB/SIMULINK.
PMSG generator along with its controls has been discussed. The wind turbine
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model is changed to a stall wind turbine model by adding a controller for strike
angle. All results prove that the model is developed, and controllers demonstrate the
effectiveness to obtain the maximum power output.
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