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Abstract: 
This research uses Matlab/Simulink simulation tools to analyse and simulate the performance of a wind power system 

powered by a low-speed Permanent Magnet Synchronous Generator (PMSG). A wind turbine (WT), PMSG, maximum power 
point tracking (MPPT), a three-phase diode bridge rectifier, a dc bus connected to a capacitor, and a PWM voltage source inverter 

regulated by a current source are all part of the system. With an MPPT control, the optimum coefficient of performance parameter 
was attained in the WT model as a function of wind velocity. The use of low-speed PMSG, which results in improved efficiency, 
eliminates the need for a gearbox. The ac output power obtained from PMSG is supplied to a three-phase rectifier bridge, which 
allows for maximum power extraction by using the boost converter's optimal voltage and current settings. The total system is 

connected to the electrical utility using a current source PWM inverter for dc/ac conversion. 
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1. INTRODUCTION 

Wind energy has gained popularity in recent 

years due to a number of advantages, including the fact 
that it is clean, endless, exhaustible, and secure. The wind 
energy conversion system takes the available power 
(sometimes the maximum) from the wind turbine and 
converts it to electrical energy through a series of 
procedures. 

 

Variable rotation speed wind turbines, also 
known as VSWTs, are primarily used in electrical power 
systems and, in some cases, in WECSs. The doubly fed 
induction generators (DFIGs) or permanent magnet 
synchronous generators (PMSGs) are commonly used in 
VSWT-driven systems [1–3]. The PMSG-based WTs 
have been widely utilised and gained relevance due to 

substantial advantages such as a simplified structure, low 
maintenance costs, the ability to track maximum power, 
and simplicity of operation at higher power factors [4–8]. 
Furthermore, WTs with several megawatts are being 
created, which is fueled by the PMSG [4]. Machine side 
converter (MSC) and grid side converter (GSC) are the 
terms used in this article. These are mostly introduced for 
converters that convert ac/dc and dc/ac in a WECS (wind 

energy conversion system) with a PMSG and are fed into 
the utility grid [9]. MSC is a machine-side converter that 
consists of a voltage source converter (VSC) that uses 
pulse width modulation or can be created using a bridge 
rectifier with diodes and a boost circuit, whereas GSC is a 
normal VSC converter. 

 

The synchronous generator fitted WT with an 
ac/dc converter and boost converter circuit is used in this 
paper. Figure 1 shows a block schematic of the WECS 
coupled to a PMSG with a diode bridge rectifier, boost 

 

 

 

converter, and GSC. The boost converter maximises the 
output dc voltage of the rectifier to a regulated dc voltage 
that matches the value necessary for the successful 
operation of the GSC, and then the diode bridge converts 
this variable output ac voltage from the PMSG to the dc 
voltage. The dc/dc boost circuit guarantees that the 

generator speed is at its greatest value in order to capture 
the maximum power available from wind power. GSC 
allows for the controlled maintenance of dc-link voltage 
while concurrently transferring MSC-related real power to 
the mains. In the meantime, it aids in the regulation of 
reactive power that the turbine exchanges with the load 
[10]. 

 
 

 
Fig. 1 PMSG based WT and connected to a 

diode rectifier 

and boost 

converter. 

 

Some research articles that have been 
reviewed, such as [11–20], which deals with the different 
types of wind turbine configurations that are employed, 
are listed as well as detailed below. Paper [11] investigates 
PMSG-based WT coupled to a grid for the many 
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oscillation modes observed, as well as the strategies for 
solving each type of oscillation mode, such as sub- 
synchronous control interaction (SSCI), sub-synchronous 
oscillation (SSO), and low-frequency oscillations. The 
references [12–14] deal with low-power WTs that have 

been configured with PMSG for sensor-less maximum 
power tracking using a dc/dc converter circuit. [12] 
develops the optimum voltages and currents on the dc side 
and establishes a relationship between them so that the 
system may be managed in the MPPT mode from the DC 
side. In[15], for feeding the DC load through a tiny PMSG 
wind conversion system, a maximum power point tracking 
design based on incremental conductance algorithm is 

created is displayed. The strategy for sliding-mode 
controller design for WTs including the diode rectifier and 
boost converter with grid connection is presented in [16]. 
For the control of WT, [17,18] proposes a logical control 
scheme with LVRT capabilities, in which the complete 
model layout of the system consists of a three-phase dc/dc 
converter, a three-step-boost circuit, and an inverter with 
neutral-point clamping configuration. [19] describes the 

creation of a three-phase modular boost converter that is 
stabilised by a linear quadratic regulator and supplied from 
a PMSG for battery charging. 

 

The modelling of the wind turbine and 
synchronous generator, which is fed to a utility with the 
help of a dc/dc rectifier and boost model, is the focus of 

this work. This is used to create a detailed model that 
includes a wind turbine, PMSG, three-phase bridge 
rectifier, and a boost circuit with MPPT. Furthermore, a 
relationship between the electromagnetic torque of the 
PMSG and the current obtained through the boost 
converter can be established using the overall designed 
model, which then provides information on the 
development of control-loops for system behavior. Other 

phenomena relating the output power provided by the 
PMSG to the output voltage derived by the DC converter 
are known to be found as relative functions in terms of the 
boost converter's duty ratio and the synchronous 
machine's accomplished rotating speed. 

 

The maximum power point tracking control 
technique is designed utilising the boost converter circuit, 

with an ideal duty ratio provided by numerous equations 
involved in reaching the power output by the boost 
converter's duty ratio. 

 

2. SIMULATION RESULTS 

 

In figure 2 the complete model of the 

WECS is simulated so as to consider and derive the 

parameters using the developed control strategy. Fig. 4 

and 5 represents the electromagnetic torque & rotor 

speed of the permanent magnet synchronous generator, 

respectively as coupled into a shaft of a turbine The 

simulation model is set to move at a configurable speed of 

5-12 m/s. Figure 6 depicts the voltage of an uncontrolled 

bridge rectifier circuit, which is boosted by control pulses 

delivered to the boost converter using the MPPT approach, 

as illustrated in figure 7. The voltage for the inverter 

circuit is shown in fig.8, which illustrates that during the 

conversion from ac to dc, the voltage remains constant 

according to the parameters taken into account. A load 

voltage waveform is shown in fig. 9 to show that this 

system can handle any type of load up to its design 

capacity. 

 

Fig. 2 The complete system diagram modelled in 

MATLAB Simulink 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3 The Controller for the 
inverter circuit 

 

 

 

 

 
Fig. 4 Torque of PMSG 
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Fig. 8 Inverter voltage 

 

Fig. 5 Rotor speed of PMSG 

 

 

 

 

 

 
voltage 

Fig. 6 ac to dc converter 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Fig. 7 dc to dc 
boost converter 
voltage 

 

Fig. 9 load voltage 

 
 

 

 

 

 

 

Fig. 10 Controlled three-phase voltage of 
the inverter Controller 
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3. CONCLUSION 

 
This study covers the whole system design and 

modelling of a PMSG-based WT coupled to an ac load, as 

well as a diode bridge rectifier and boost converter 

simulation model for wind energy system performance 

analysis. First, the full system's average linear Simulink 

model design is shown. Then, utilising the 

electromagnetic torque of the PMSG and current from the 

boost converter circuit, an MPPT model is constructed in 

this work, which is then used to design control loops for 

the complete system. The PMSG's entire modelling 

process is based on the utilisation of a large number of 

equations. The PI controller-based model is used to 

construct a control design model for the load side 

converter. The work presented in this study concentrates 

on a single MPPT algorithm, but it can be expanded in the 

future to include a variety of additional techniques for 

extracting maximum power from the wind. 

 

 
4. REFERENCES 

 
[1] A. Parastar and J.-K. Seok, “High-gain resonant 
switched-capacitor cell-based DC/DC converter for 
offshore wind energy systems,” IEEE Transactions on 
Power Electronics, vol. 30, no. 2, pp. 644–656, 2015. 

[2] Mozayan SM, Saad M, Vahedi H, Fortin-Blanchette 
H, Soltani M. Sliding mode control of PMSG wind 
turbine based on enhanced exponential reaching law. 
IEEE Trans Ind Elec 2016;63(10):6148–59. 

[3] Aubree R, Auger F, Mace M, Loron L. Design of an 

efficient small wind-energy conversion system with an 
adaptive sensorless MPPT strategy. Renew Energy 
2016;86:280–91. 

[4] Amir, A., Selvaraj, J., Rahim, N.A., 2016. Study of the 
MPP tracking algorithms: Focusing the numerical method 
techniques. Renewable Sustainable Energy Rev. 62, 350–
371. 

[5] Yu KN, Liao CK. Applying novel fractional order 
incremental conductance algorithm to design and study the 
maximum power tracking of small wind power systems. J 
Appl Res Technol 2015;13:238– 44. 

[6] Ahmed, J., Salam, Z., 2016. A Modified P&O 

maximum power point tracking method with reduced 
steady-state oscillation and improved tracking efficiency. 
IEEE Trans. Sustainable Energy 7 (4), 1506–1515. 

[7] Xie D, Lu Y, Sun J, Gu C. Small signal stability 
analysis for different types of PMSGs connected to the 
grid. Renew Energy 2017;106:149–64. 

[8] Urtasun A, Sanchis P, Martín IS, López J, Marroyo L. 
Modeling of small wind turbines based on PMSG with 
diode bridge for sensorless maximum power tracking. 
Renew Energy 2013;55:138–49. 

[9] S_erban I, Marinescu C. A sensorless control method 

for variable-speed small wind turbines. Renew Energy 

2012;43:256–66. 

[10] Zhang X, Wu Z, Hu M, Li X, Lv G. Coordinated 

control strategies of VSC- HVDCbased wind power 
systems for low voltage ride through. Energies 
2015;8:7224–42. 

[11] Freire NMA, Cardoso AJM. Fault- tolerant PMSG 
drive with reduced DC-link ratings for wind turbine 

applications. IEEE Emerg Sel Top Power Electron 
2014;2(1):26–34. 

[12] Zhang SH, Tseng KJ, Vilathgamuwa DM, Nguyen 
TM, Wang XY. Design of a robust grid interface system 

for PMSG- based wind turbine generators. IEEE Trans Ind 
Electrons 2011;58(1):316–28. 

[13] Yan J, Lin H, Feng Y, Zhu ZQ. Control of a grid-
connected direct- drive wind energy conversion system. 
Renew Energy 2014;66:371–80. 

[14] Uehara A, Pratap A, Goya T, Senjyu T, Yona A, 
Urasaki N, et al. A coordinated control method to smooth 

wind power fluctuations of a PMSG- based WECS. IEEE 
Trans Energy Convers 2011;26(2):550–8. 

[15] Alaboudy AHK, Daoud AA, Desouky SS, Salem AA. 
Converter controls and flicker study of PMSG-based grid 
connected wind turbines. Ain Shams Eng J 2013;4:75–91. 

 

 
 

http://www.ijsrem.com/


         

       International Journal of Scientific Research in Engineering and Management (IJSREM) 
                    Volume: 06 Issue: 05 | May - 2022                         Impact Factor: 7.185                                  ISSN: 2582-3930                                                                                                                                               
 

© 2022, IJSREM      | www.ijsrem.com                DOI: 10.55041/IJSREM13015                                          |        Page 5 
 

[16] Rajaei AH, Mohamadian M, Dehghan 
SM, Yazdian A. PMSG-based variable speed wind 
energy conversion system using Vienna rectifier. 
Eur Trans Electr Power 2011;21(1):954–72. 

[17] Kanellos FD, Hatziargyriou ND. 
Control of variable speed wind turbines in isolated 
mode of operation. IEEE Trans Energy Convers 
2008;23(2):535–43. 

[18] Qiao W, Qu L, Harley RG. Control 
of 

IPM synchronous generator for maximum wind power 
generation considering magnetic saturation. IEEE Trans 
Ind Appl 2009;45(3):1095–105. 

[19] Mauricio JM, Marano A, Exposito AG, Ramos JLM. 
Frequency regulation contribution through variable-speed 
wind energy conversion systems. IEEE Trans Power Syst 
2009;24(1):173–80. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

http://www.ijsrem.com/

