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Abstract— This paper analyzes the use of closed and open 

loop converter and inverter for extracting power from Wind 

Driven variable-speed permanent magnet synchronous 

generator (PMSG) and feed it to the standalone load. This 

model includes PMSG, the boost converter, and the storage 

system. Power converters and together with the independent 

control systems can effectively improve the output voltage 

and frequency of the wind driven PMSG feeding the load.  

The open loop converter and closed loop converter with PI 

regulators is designed in MATLAB/SIMULINK and the 

outputs of control techniques are compared. 
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I. INTRODUCTION 

Research into the use of renewable energy sources like wind, 

solar, hydro power plants has been increased over the past 

few years [1]-[3]. The interest in small units of Wind Energy 

Conversion Systems (WECS) has increased to provide 

electricity to remote areas. The most advantageous method 

for supplying electricity in stand-alone cases at present 

moment is WECSs. This is due to the fact that wind energy is 

relatively easily harnessed, the maintenance required is 

reasonable and there is no fuel cost. 

Now-a-days PMSGs are more favorable for small-

power wind systems operating in remote and isolated areas. 

These PMSGs are interesting due to their small-size and high 

power density. The most advantageous feature of PMSG is 

they do not require external excitation current. The cost 

benefit in the use of PMSG is that a diode rectifier may be 

used at the generator terminals. The topology of connecting 

PMSG to diode rectifier and ab boost-converter to the dc link 

for small power ranges is used. 

The reliability of a small stand-alone system can be 

increased [4] by integrating an appropriate energy storage 

system with wind generator. This will remove the fluctuations 

and maximize the reliability [2]-[4] of the power supplied to 

the loads. Wind power converter is operated to maximize the 

wind energy converted into electricity.  The energy captured 

is supplied to the load directly, the difference between the 

wind power generation and user consumption being directed 

to or supplied by the battery energy storage device connected 

via the power electronic interface [2]. 

  Energy storage used in this paper is Lead Acid 

Battery (LAB) due to its advantages such as low price, high 

unit voltage, stable performance and a wide range of 

operating temperature[5],[6]. 

II. CONFIGURATION OF STAND-ALONE WIND TURBINE 

SYSTEM 

The proposed stand-alone wind power system supplies 

single-phase consumers at 230V/50 HZ. Wind turbine 

configuration is equipped with following:  

1) PMSG; 

2) Ac/dc converter; 

3) LAB storage device; 

4) Inverter; 

5) Transformer, and loads. 

The wind power is first transformed into mechanical 

rotational energy and then into electrical energy using PMSG.  

 
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 generators ac voltage 

into dc voltage. The similarity of the generators 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. A wind turbine cannot completely extract 

the power from the wind. Theoretically, only 59% of the wind 

power could be utilized by a wind turbine, but for the 2-kW 

wind turbine system analyzed in this paper, the real power 

coefficient is 39%.[9] 

A. Dynamic Model of PMSG: 

Two phase synchronous reference frame in which q axis is 90 

degrees ahead of the d-axis, with respect to the direction of 

rotation is used to derive the dynamic model of PMSG. 
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The electromagnetic torque can be derived from the 

equation as shown below, 

𝑇𝑒 = 1.5𝑛𝑝. [(𝐿𝑑 − 𝐿𝑞)𝑖𝑑𝑖𝑞 +Ψ𝑃𝑀𝑖𝑞]                  (2)  

The mechanical rotating speed of the generator is 

ω_e=n_p.ω_g,where n_pis the number of pole pairs;  

and ψ PM is the magnetic flux of permanent magnets. 

B. Boost Converter: 

An interface between the battery and the rectifier capacitor is 

achieved by the boost converter and it also ensures the rapid 

power transfer. The equivalent model of the boost converter 

is shown in Fig.2 

 
Fig. 2: Equivalent model of Boost Converter. 

The current and voltage equations of this converter 

are given by (3) and (4) 

𝑉𝑏 =
𝑉𝑑𝑐

1−𝐷
                                                                (3) 

𝐼𝑏 = 𝐼𝐿𝑐𝑜𝑛𝑣(1 − 𝐷)                                                (4) 

The input output signals of the converter are 

modelled by two controlled current sources. The control 

diagram of boost converter is shown in Fig.3 

 
Fig. 3: control block of boost converter. 

The input for the PI controller is the error between 

the reference current and the measured current (I_Lconv). 

The output of the PI controller is summed with the positive 

voltage reaction and the modulation factor from this summer 

output is used to obtain the control signal for the converter’s 

switching device ST. 

C. MPPT: 

MPPT control adjusts the power transferred by bringing the 

turbine operating points onto the “maximum power curve”, 

depending the wind speed. MPPT control scheme is 

implemented   

 
Fig. 4: Block diagram of MPPT control. 

The reference power for the boost converter is 

provided by the PI regulator used in this control based on the 

speed measurements of wind (ϑp.u.) and the turbine generator 

speed (n.p.u). 

D. Energy storage system: 

Wind power turbines have operational limitations over very 

high and very low speeds. When the power generated exceeds 

the demand, excess energy can be stored to be used at other 

times. Excess energy can be conveniently stored in storage 

batteries in the form of chemical energy. The energy storage 

system is 12 V each (gel type) connected in series to provide 

the exact value of the inverter battery voltage. The energy 

storage system configuration is shown in Fig.5 

 
Fig. 5: Configuration of energy storage system 

This system comprises of a single-phase MOSFET 

inverter and a bank of LABs. These batteries are able to add 

the power provided to the load by the wind turbine, when the 

wind speed is too low. The equivalent electrical model of the 

LAB contains a controlled voltage source (E_(b )), connected 

in series with the internal resistance (Rint) and the LAB 

voltage (Vb). It is known that the voltage depends on the 

charging state, battery type, and temperature, and it is 

expressed by the following relation. 

𝐸𝑏 = 𝐸𝑏0 −
𝐾.𝑄

𝑑𝑄 − ∫ 𝐼𝑏𝑑𝑡
𝑡

0

                (5) 

Where E_b0 is the no load battery voltage at the 

rated charge, K is the polarization voltage, Q is the battery 

capacity, and Ib is the battery current. The state of charge 

(SOC) of LAB is given by the equation shown below 

𝑆𝑂𝐶[%] = 𝑆𝑂𝐶0[%] + (
1

𝑄𝑛
∫ 𝐼𝑏𝑑𝑡
𝑡

0
).100        (6) 

Where Qn is the rated capacity of LAB. 

    If the LAB is fully charged, SOC =1, and if the 

battery is discharged at the maximum value,  

SOC=SOCmin. For instance, the maximum 

recommended discharge for LABs used in such applications 

is 80%; thus, SOCmin = 0.2. As the full discharge is not 

recommended for LABs, a SOCmin =20% will be considered 

in the regulators implementation. The calculation algorithm 

uses one variable parameter (Ib) and one constant block (Qn). 

With a discrete-time integrator block, the mathematical 

operations, and an initial SOC value, the LAB SOC[%] is 

obtained. 
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Fig. 6: Simulink model of WECS 

III. SIMULATION RESULTS 

The proposed system has been modeled and simulated using 

the Matlab/Simulink/Sim Power Systems environment. Fig.6 

shows the block diagram of wind driven PMSG based system. 

The output obtained from PMSG is rectified using diode 

rectifier and it is uncontrolled dc voltage. This dc voltage is 

regulated using Boost converter. The output voltage of the 

system can be controlled by the power converters used in the 

system. Closed loop and open loop control of the boost 

converter is simulated and studied. 

A. Closed Loop Boost Converter & Inverter: 

 
Fig. 7: Closed loop boost converter Simulink model. 

The operating principle behind this control is that 

the output voltage of the converter is sensed and compared 

with the reference voltage, then the error signal is fed to the 

PI regulator whose Kp and Ki values are 0.0008 and 0.008 

respectively. The error signal is minimized and the output is 

copared with the sawtooth waveform to generate gate pulses 

for switches in the converter. 

     Fig.8 shows the Simulink model of the closed loop 

inverter feeding stand lone system. The pulses for the inverter 

are generated by comparing the output of the PI controller 

with the triangular wave. The dc link signal is compared with 

the reference voltage and is given to the PI controller. The 

output of the controller results in the d-component.  Another 

component q is obtained from another PI controller fed with 

grid rms voltage and reference. These d-q components are 

then converted into abc reference frame to get reference 

wave. 

 
Fig. 8: Closed loop inverter. 

The values of Kp and Ki for d controller are 0.0049 

and 0.00745. The values of Kp and Ki for q controller are 

0.13 and 1.7 respectively. The output of the closed loop 

converter and inverter are shown in Fig.9 (a) & 9 (b). 

 
Fig. 9 (a): output voltage of closed loop boost converter. 

 
Fig. 9(b): output load voltage 

B. Open loop Boost converter and Inverter: 

The main difference between the open loop and closed loop 

control is that error minimization occurs in the closed loop 

with the help of PI regulator. Open loop control is nothing but 

gate signals for the switch is obtained directly from the pulse 

generator or by using some modulation scheme. Fig.10 shows 

the Simulink diagram of open loop boost converter. 

 
Fig. 10: Simulink diagram of open loop boost converter. 
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 The output voltage boost converter is shown in Fig.10 (a). 

 
Fig.10 (a): output voltage of open loop boost converter. 

Simulink model of the open loop inverter is shown 

in the Fig.11. 

 
Fig. 11: simulink model of open loop inverter. 

The output voltage of the open loop inverter is as 

shown in Fig.11 (a) 

Compared to open loop output the close loop output 

voltage is better. In open loop converter there is no feedback 

signal to give PI regulator so the error is not minimized. The 

pulses for the gates of switches used in this inverter can be 

obtained from any of the PWM modulation schemes. 

 
Fig. 11 (b): output of open loop inverter. 

IV. CONCLUSION 

This paper presents the power electronic topology for PMSG 

based wind energy conversion systems. A control structure 

for single-phase stand-alone wind-based energy sources has 

been analyzed in this paper. The development of this control 

topology will achieve MPPT and voltage and battery SOC 

monitoring, with optimal conditions for battery charging.  

The controller design for closed loop topology is presented. 

The MPPT algorithm, which controls the power 

electronic interface, will ensure a maximum extraction of 

energy from the available wind.  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.  

So that this proposed system can effectively provide reliable 

and good quality power to the customers in the autonoums 

power systems.   

        The comparative study of closed and open loop 

converter and inverter’s is presented in this paper. A closed 

loop PI controller is designed for the boost converter using 

Ziegler Nichol’s technique, in order to maintain constant dc 

link voltage for inverter. The inverter is used in closed loop 

configuration for the generation of PWM. In this scheme the 

reactive power, real power and output voltage are controlled 

using PI controller. Entire work is done in 

MATLAB/SIMULINK software. Various simulations are 

carried out for load and speed variations. It is noted that the 

dc link voltage is kept constant for the variation of PMSG 

speed between ±30% of the rated speed with a steady state 

error of ±10%. 

         The system can be used to operate a more than one 

load because of two different output is getting. And also DC 

output can be inverted and fed to AC load. We can also 

improve the high voltage DC transmission and very high 

frequency AC transmission. We can reduce losses and soft 

switching is done. This may reduce the distortion and 

improve the entire system efficiency. This paper shows the 

functionality and efficiency of the control system developed 

power converters and offers perspectives for the future for 

autonomous wind energy system control strategies. 
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