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NOMENCLATURE 
𝑤 = rotating speed of an arbitrary reference frame             

𝑤𝑟 =rotor electrical angular speed 

𝐶𝑑, 𝐶𝑞 = dq -axis self-excitation capacitances     

𝑝 =derivative operators 

𝑖𝑑𝑠, 𝑖𝑞𝑠 =stator currents in the dq axis of the SEIG   

𝑖𝑑𝑟 , 𝑖𝑞𝑟 =rotor currents (referred to stator) in the dq axis of the SEIG 

𝑃 =number of pairs of poles 

𝑇𝐿 =load torque  

𝐾𝑑𝑟, 𝐾𝑞𝑟 =initial rotational induced voltages along dq axis  

𝑖𝑚 =magnetizing current 

𝐽 =Moment of inertia  

𝑉𝑑𝑠, 𝑉𝑞𝑠 =stator voltages in the dq-axis of the SEIG     

𝑉𝑑𝑠𝑐 , 𝑉𝑞𝑠𝑐 =dq stator capacitor voltage 

𝑉𝑑𝑟 , 𝑉𝑞𝑟 =rotor voltages (referred to stator) in the dq axis of the SEIG        

𝑉𝑑𝑠𝑐0, 𝑉𝑞𝑠𝑐0 =initial dq capacitor voltages 

𝐿𝑙𝑠, 𝐿𝑙𝑟 =stator and rotor (referred to stator) leakage inductances of SEIG 

𝐿𝑠, 𝐿𝑟 =stator and rotor (referred to stator) self-inductances of SEIG 

𝐿𝑚 =magnetizing inductance   

𝑟𝑠, 𝑟𝑟 =stator and rotor (referred to stator) resistance of SEIG  

𝜆𝑑𝑠, 𝜆𝑞𝑠 =stator flux linkages in the dq axis of the SEIG 

𝜆𝑑𝑟, 𝜆𝑞𝑟 =rotor flux linkages in the dq axis of the SEIG 

𝑇𝑒 =electromagnetic torque of the SEIG 

𝑉𝐿𝑑𝑞= Load voltage in dq axis 

𝑖𝐿𝑑𝑞=Load current in dq axis 

 

ABSTRACT: The intermittent nature of the wind resources and reactive power consumptions are major issues 

associated with squirrel cage induction generator wind power system when operated in an island microgrid mode. The 

resultant effect of these two issues are continuous fluctuations of load voltage which has adverse effects on electrical 

devices. This paper proposes a voltage regulation technique based on proportional controller and phase deposition sine 

pulse width modulation (PDSPWM) for the control of 5-level neutral point clamped multilevel inverter. The 

instantaneous voltage tracking strategy based on root mean square value of microgrid voltage was adopted to regulate 

and maintain the output load voltage at 400 𝑉𝑟𝑚𝑠 despite rotor fluctuations with wind speeds. The simulation was 

carried out in a MATLAB/SIMULINK environment and the performance of the control scheme was found to be 

excellent. 
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I. INTRODUCTION 

In recent years, both industry and academics have given 

significant attentions to renewable energy research. The 

rationale behind this significant attention for renewable energy 

is due to the problems associated with the traditional method 

of power generation like the greenhouse gas emission, 

depletion of fossil fuel, increasing and fluctuating nature of oil 

prices (Calgan & Demirtas, 2021). Renewable Energy (RE) 

resources especially solar and wind are now in the fore front of 

replacing the conventional synchronous generation. The 

efforts of the U.S and South Korea among other countries to 

increase the percentage of electricity generation from solar and 

wind to 20% of the total energy production by 2030 is an 

indication that transition RE generation has come to stay 

(Mehrjoo et al., 2020; Yun & Hur, 2021). 

Among the RE resources, wind power system has become 

a major contributor to the modern energy project but the 

intermittent nature of the wind resources is one of the major 

issues that affects its operational output (Yun & Hur, 2021). 

The three main configurations of wind generating systems in 

both literature and commercial wind markets are Squirrel cage 

induction generator (SCIG), Doubly Fed induction generator 

(DFIG), and Permanent magnet synchronous generator 

(PMSG) (Chitransh et al., 2021; Li & Chen, 2008). From the 

rotational speed range perspective, wind turbines can be 

categorized into fixed speed, limited variable speed, and 

variable speed. SCIG is usually classified as a fixed speed wind 

turbine, wound rotor induction generator as limited variable 

type while DFIG and PMSG are classified as complete variable 

speed wind turbine (Kadam & Kushare, 2012). Just like other 
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distributed natural resources, wind generating power systems 

can either be grid connected or operated as an islanded 

microgrid. The operation in an islanded mode for distribution 

generation grid level is allowed temporarily when failure 

occurs in the main grid system (Willenberg et al., 2020). More 

so, islanded microgrid mode becomes a better alternative 

where the cost of grid extension is excessively high or where 

the transmission lines have to pass through thick bushes where 

the network security cannot be guaranteed. From economic 

point of view, the cost of system installation and maintenance 

in standalone application is reduced and this directly translates 

to reduction in cost per kWhr of electricity sold to the 

consumers of rural communities (Kamilu & Mekhilef, 2019). 

Self-excited induction generators are most desirable for remote 

applications because they do not require an external supply to 

produce the excitation magnetic field (El Akhrif et al., 2016). 

In order to properly excite SCIG, the capacitor bank of 

appropriate value must be connected across its terminals, the 

effect of magnetic saturation is necessary, and the inherent 

magnetic flux in the airgap of the machine must also be 

accounted for. The different methodologies for selecting 

appropriate excitation capacitance have been discussed in 

several literature (Goyal & Palwalia, 2016; Mahato et al., 

2006; Silva et al., 2020). The issues limiting the use of SCIG 

for wind application are the reactive power consumption and 

poor voltage and frequency regulations under varying loads. 

The steady state condition of the generated voltage is not fixed 

but depends on the suitable combination of excitation 

capacitance, rotor speed and connected load at any time. 

Excitation capacitance can be fixed but the amount of load and 

the wind speed that invariably impacts on the generator speed 

are random in nature and thereby causes flickering of voltage, 

which could be disastrous to sensitive loads like electronic 

devices. When capacitive excitations is adopted, and the 

operation of SCIG in the linear region of magnetizing curve is 

desired, then the precise leading current has to be supplied in 

order to maintain voltage stability with varying loads of 

different power factor. Different controllers have been 

proposed in literature for reactive power compensation of 

SCIG. One of the most famous controllers is the static var 

compensator (SVC) (Çalgan et al., 2020). The SVC is 

composed of a thyristor-controlled reactor with a fixed or 

switched shunt capacitor. It regulates the voltage at its 

terminals by controlling the amount of reactive power injected 

into or absorbed from the power system. The control technique 

of the SVC uses three per phase connected capacitor, which are 

continuously being adjusted, and the effective capacitance of 

the SVC is controlled by changing the firing angle of the 

thyristors between fully conducting and non- conducting states 

(Zine-Eddine et al., 2018). However, direct capacitor 

switching is not convenient because excessive current surges 

occur at the switching instant and could inject lower order 

harmonics into the generator winding, which may cause 

excessive heating and consequently leading to the failure of the 

machine. Another drawback of SVC scheme is if proper 

control cannot be achieved during voltage dips, it can cause 

temporary demagnetization of SCIG. Recent researches are 

now drifting towards voltage cource converter (VSC) based 

reactive power compensation. In (Tischer et al., 2015), a three-

wire hybrid topology of switchable capacitor banks and 

distribution static compensator (DSTATCOM) for VSC was 

presented. The use of electronic controller (ELC) for voltage 

and frequency control of SCIG have also been presented in 

(Mishra & Tiwari, 2016; Murthy et al., 2006). Similar 

procedure of using STATCOM for voltage and frequency 

regulation via proportional integral (PI), Integrator 

proportional (IP), and reference signal tracking (RST) 

controllers have also been presented (Benghanem et al., 2013; 

Bouzid et al., 2015). 

This paper discusses a technique based on neutral point 

clamped multilevel inverter (NPC-ML) with a simple 

proportional integral (PI) controller in conjunction with sine 

pulse width modulation (SPWM) control scheme to maintain 

and regulate the output load voltage at 400 Vrms. The inverter 

performance is influenced by switching strategy, and relate to 

output voltage harmonic content. There are numbers of inverter 

switching control techniques, but phase deposition sinusoidal 

pulse width modulation (PDSPWM) technique has been 

adopted in this paper. The modulation index generated by the 

PI controller was used to multiply the low frequency sinusoidal 

modulating signal before being compared with carrier signal of 

10-kHz to generate the gate control signal for the Insulated-

gate bipolar transistors (IGBTs). 

II. SYSTEM CONFIGURATION AND CONTROL 

STRATEGY 

Figure 1 shows the configuration of the proposed system. 

It is made up of a three phase SCIG driven by wind turbine via 

a mechanical transmission device that is incorporated to step 

up the slow rotational speed of the turbine rotor and provide 

the necessary shaft power needed to drive the generator to near 

rated synchronous speed of the machine (Sousa et al., 2001). 

Each phase of the stator winding is shunted with a right valued 

capacitor, 𝑪𝒆𝒙 to aid in the excitation process. An ideal rectifier 

is also provided to help in converting DC to AC while the 

voltage regulation is achieved through NPC-ML inverter. The 

inductance capacitance (LC) filter is needed to remove the 

harmonics present in inverter output before being passed to the 

load.  

 

III. DYNAMIC MODELLING OF SEIG WITH LOAD 

The model of SCIG is presented using d-q model in arbitrary 

reference frame. direct-quadrature (d-q) model is very 

effective in analyzing the transient and steady state conditions 

of any system dynamics with reduced number of computations 

and with complete solutions (Seyoum, 2003). The classical 

representation of induction machine is shown in Figure 2 while 

the equivalent circuit on load is shown in Figure 3. The 

classical d-q model of SCIG typically constitutes three sets of 

equations: voltage equations, flux equations, and motion 

equation. 

The expression of these equations in an arbitrary 

reference frame are derived as follows; 

Voltage equations: 

𝑉𝑞𝑠 = 𝑖𝑞𝑠𝑟𝑠 + 𝑝𝜆𝑞𝑠 +𝑤𝜆𝑑𝑠                                    (1) 

𝑉𝑑𝑠 = 𝑖𝑑𝑠𝑟𝑠 + 𝑝𝜆𝑑𝑠 − 𝑤𝜆𝑞𝑠                                  (2) 

𝑉𝑞𝑟 = 𝑖𝑞𝑟𝑟𝑟 + 𝑝𝜆𝑞𝑟 + (𝑤 − 𝜔𝑟)𝜆𝑑𝑟                     (3) 

𝑉𝑑𝑟 = 𝑖𝑑𝑟𝑟𝑟 + 𝑝𝜆𝑑𝑟 − (𝑤 − 𝜔𝑟)𝜆𝑞𝑟                     (4) 
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Figure 1: Schematic diagram of SEIG wind turbine driven voltage regulation system. 

Figure 2: d-q representation of induction machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d-q flux linkages: 

𝜆𝑞𝑠 = 𝐿𝑠𝑖𝑞𝑠 + 𝐿𝑚𝑖𝑞𝑟                                                        (5) 

𝜆𝑑𝑠 = 𝐿𝑠𝑖𝑑𝑠 + 𝐿𝑚𝑖𝑑𝑟                                                      (6) 

𝜆𝑞𝑟 = 𝐿𝑟𝑖𝑞𝑟 + 𝐿𝑚𝑖𝑞𝑠                                                     (7) 

𝜆𝑑𝑟 = 𝐿𝑟𝑖𝑑𝑟 + 𝐿𝑚𝑖𝑑𝑠                                                     (8) 

Where; 

{
𝐿𝑠 = 𝐿𝑙𝑠 + 𝐿𝑚
𝐿𝑟 = 𝐿𝑙𝑟 + 𝐿𝑚

                                                             (9) 

Motion equations which describe the dynamic behavior 

of the rotor's speed in terms of mechanical and electromagnetic 

torque are jointly given in (10) (Khan et al., 2022). 

   {

2𝐽

𝑃
𝑝𝑤𝑟 = 𝑇𝐿 − 𝑇𝑒 − 𝐵𝑚𝑤𝑟

𝑇𝑒 =
3𝑃𝐿𝑚

2
(𝑖𝑞𝑠𝑖𝑑𝑟 − 𝑖𝑠𝑖𝑞𝑟)

                                          (10) 

Eqns. (11) and (12) were established considering the 

initial conditions of initial voltage on the excitation capacitors 

and remnant flux in the airgap (Sanusi et al., 2021). 

  {
𝑉𝑞𝑠𝑐 =

1

𝐶𝑞
∫ 𝑖𝑞𝑠 𝑑𝑡 + 𝑉𝑞𝑠𝑐0

𝑉𝑑𝑠𝑐 =
1

𝐶𝑑
∫ 𝑖𝑞𝑠 𝑑𝑡 + 𝑉𝑑𝑠𝑐0

                                       (11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  {
𝑤𝑟𝜆𝑞𝑟 = (𝐿𝑟𝑖𝑞𝑟 + 𝐿𝑚𝑖𝑞𝑠) + 𝐾𝑞𝑟
𝑤𝑟𝜆𝑑𝑟 = (𝐿𝑟𝑖𝑑𝑟 + 𝐿𝑚𝑖𝑑𝑠) + 𝐾𝑑𝑟

                           (12) 

 

Resistance inductance capacitance (RLC) load model is 

given in (13) (Simoes & Farret, 2007): 

{
𝑉𝐿𝑑𝑞 =

1

𝐶
∫ 𝑖𝐶𝑑𝑞 𝑑𝑡 =

1

𝐶
∫(𝑖𝑑𝑞 − 𝑖𝐿𝑑𝑞) 𝑑𝑡

𝑖𝐿𝑑𝑞 =
1

𝐿
∫(𝑉𝐿𝑑𝑞 − 𝑅𝑖𝐿𝑑𝑞) 𝑑𝑡

                     (13) 

To derive d-q model of SCIG in synchronous reference 

frame or stationary reference frame, w in the voltage equations 

is set to 𝑤𝑠 and 0, respectively. Stationary reference frame is 

considered in the analysis of this paper. Also, since the rotor is 

short-circuited, it means 𝑉𝑑𝑟 = 𝑉𝑞𝑟 = 0. By also considering 

Eqn. (11), Eqns. (1) – (4) can be formulated in a state space 

form as given in (14).   

 [

𝐿𝑠  0     𝐿𝑚 0
0 𝐿𝑠     0 𝐿𝑚
𝐿𝑚 0     𝐿𝑟 0
0 𝐿𝑚      0 𝐿𝑟

] [

𝑝𝑖𝑞𝑠
𝑝𝑖𝑑𝑠
𝑝𝑖𝑞𝑟
𝑝𝑖𝑑𝑟

] +

[

𝑟𝑠
0
0

𝑤𝑟𝐿𝑚

    

0
𝑟𝑠

−𝑤𝑟𝐿𝑚
0

   

0
0
𝑟𝑟
𝑤𝑟𝐿𝑟

   

0
0

−𝑤𝑟𝐿𝑟
𝑟𝑟

] [

𝑖𝑞𝑠
𝑖𝑑𝑠
𝑖𝑞𝑟
𝑖𝑑𝑟

] +

[
 
 
 
𝑉𝑞𝑠𝑐
𝑉𝑑𝑠𝑐
𝐾𝑞𝑟
𝐾𝑑𝑟 ]

 
 
 
= [

0
0
0
0

]     (14) 

The matrix of the current vectors derivatives is obtained 

and given in (15). 

                   

[

𝑝𝑖𝑞𝑠
𝑝𝑖𝑑𝑠
𝑝𝑖𝑞𝑟
𝑝𝑖𝑑𝑟

] =

1

𝐿𝑟𝐿𝑠−𝐿𝑚
2 ( [

−𝐿𝑟𝑟𝑠
𝐿𝑚
2 𝑤𝑟
𝐿𝑚𝑟𝑠

−𝑤𝑟𝐿𝑚𝐿𝑠

    

−𝐿𝑚
2 𝑤𝑟

−𝐿𝑠𝑟𝑠
𝑤𝑟𝐿𝑚𝐿𝑠
𝐿𝑚𝑟𝑠

   

𝐿𝑚𝑟𝑟
𝑤𝑟𝐿𝑚𝐿𝑟
−𝐿𝑠𝑟𝑟
−𝑤𝑟𝐿𝑟𝐿𝑠

   

−𝑤𝑟𝐿𝑚𝐿𝑟
𝐿𝑚𝑟𝑟
𝑤𝑟𝐿𝑠𝐿𝑟
−𝐿𝑠𝑟𝑟

] [

𝑖𝑞𝑠
𝑖𝑑𝑠
𝑖𝑞𝑟
𝑖𝑑𝑟

] +

[
 
 
 
𝐿𝑚𝐾𝑞𝑟−𝐿𝑟𝑉𝑞𝑠𝑐
𝐿𝑚𝐾𝑑𝑟−𝐿𝑟𝑉𝑑𝑠𝑐
𝐿𝑚𝑉𝑞𝑠𝑐−𝐿𝑠𝐾𝑞𝑟
𝐿𝑚𝑉𝑑𝑠𝑐−𝐿𝑟𝐾𝑑𝑟]

 
 
 
 )                                                          (15) 
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Figure 3: Equivalent circuit of capacitive SEIG in stationary reference frame. 

(20) 

Using least square curve fit, the magnetizing inductance, 

𝐿𝑚 is expressed as a function of the magnetizing current 𝑖𝑚 and 

given in (16) (Simoes & Farret, 2007);  

𝐿𝑚 = 0.423𝑒−0.0035𝑖𝑚
2
+ 0.0236                               (16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Magnetizing curve of SCIG is nonlinear caused by 

saturation of the core, therefore 𝐿𝑚 is not constant but rather 

depends on the instantaneous value of the magnetizing 

current 𝑖𝑚, which is evaluated in each step of the integration 

and given in (17) (Mahato et al., 2013). 

𝑖𝑚 = √
(𝑖𝑑𝑠+𝑖𝑑𝑟)

2+(𝑖𝑞𝑠+𝑖𝑞𝑟)
2

2
                                            (17) 

 

 

IV. MODELLING OF WIND TURBINE AND THE 

GEAR DRIVE 

The amount of aerodynamic power, 𝑃𝑚 extractable from 

the wind of mean velocity,𝑣𝑤, air density, 𝜌 and flowing 

towards rotor blades of swept area, A is given by (18) 

(Makewita, 2022). The mechanical torque developed by the 

wind turbine, 𝑇𝑚, and the tip speed ratio (𝜆) of the wind turbine 

are given in Eqn. (19); 

𝑃𝑚 =
1

2
𝜌𝐴𝑣𝑤

3𝐶𝑝(𝜆, 𝛽)                                                  (18) 

{
𝑇𝑚 =

𝑃𝑚

𝑤𝑡

𝜆 =
𝑤𝑡𝑅

𝑣𝑤

                                                                    (19) 

Where R is the turbine radius and 𝑤𝑡  is the angular 

velocity (rad/sec) of the turbine. There are numbers of fitted 

equations for power coefficient, 𝐶𝑝, but a more generic one is 

given in (20) (Eltamaly et al., 2013): 

{
 
 

 
 𝐶𝑝(𝜆, 𝛽) = 0.5176 {(

116

𝜆𝑖
) − 0.4𝛽 − 5} 𝑒

−
21
𝜆𝑖 + 0.0068𝜆

𝑤ℎ𝑒𝑟𝑒 𝜆𝑖 =
1

𝜆 + 0.08𝛽
−
0.035

1 + 𝛽3
  

 

                                                                                    

The pitch angle,  𝛽 was set to zero for optimum 

aerodynamic power efficiency. Gear train is important in wind 

energy conversions due to the slow rotation of wind turbine 

rotor at low wind speed. The use of drive train also reduces the 

weight of nacelle and the sizes of the tower and plinth (Nejad 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 et al., 2022). In this paper, two mass model is considered.  

Figure 4 shows the schematic of two mass drive train. The 

turbine self-damping (𝐷𝑡) is the aerodynamic resistance in the 

turbine blade and the generator self-damping (𝐷𝑔) denotes 

mechanical friction and the windage. 

The mutual damping (𝐷𝑚) is the balancing dynamics that 

arise as a result of different speeds between the generator rotor 

and the turbine shaft. Turbine and generator self-damping can 

be neglected and the resulting mathematical models are given 

in (21) (David, 2010; Kabat et al., 

2022). 

{
 
 

 
 

𝑑𝑤𝑡

𝑑𝑡
=

1

2𝐻𝑡
(𝑇𝑚 − 𝑇𝑒)

1

𝑤𝑒𝑏𝑠

𝑑(𝜃𝑡− 𝜃𝑟)

𝑑𝑡
= 𝑤𝑡 − 𝑤𝑟

  𝑇𝑒 = 𝐾𝑠(𝜃𝑡 − 𝜃𝑟) + 𝐷𝑡
𝑑(𝜃𝑡− 𝜃𝑟)

𝑑𝑡

                                (21) 

 

Where; 𝐻𝑡  is the Inertia constant () of the turbine, 𝐾𝑠 is the 

Stiffness constant; 𝑤𝑡  and 𝑤𝑟 are turbine and generator rotor 

speeds in per units (pu); 𝜃𝑡  and 𝜃𝑟  are turbine and generator 

angular displacements in rads; 𝑇𝑚 and 𝑇𝑒  (pu) are turbine input 

torque and generator torques, respectively. 
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Figure 5: Control scheme for constant load voltage control. 

Figure 4: Two-mass drive train model of a wind turbine. 

V. CONTROL SCHEME FOR CONSTANT LOAD 

VOLTAGE CONTROL 

Root mean square (RMS) voltage tracking is implemented 

to study the steady state stability and voltage dip condition of 

the load voltage. It does include all components like: 

harmonics, inter-harmonics e.t.c (Tarasiuk, 2015). Usually, 

when it is necessary to evaluate the performance of connected 

loads in power system network only RMS electrical quantities 

are used (Hossain & Pota, 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 illustrates the SIMULINK model of the proposed 

control scheme. To generate appropriate modulation index 

necessary for the voltage control, the gains of the PI controller 

(𝑖. 𝑒. , 𝐾𝑝 𝑎𝑛𝑑 𝐾𝑖) were obtained using heuristic tuning method, 

i.e., the Ziegler–Nichols method. The modulation index, m is 

then used in conjunction with PDSPWM scheme to generate 

the switching pulses. 

 

VI. RESULTS AND DISCUSSION 

The simulation results using MATLAB/SIMULINK 

software, version R2020b were presented. The voltage at the 

direct output terminals of SCIG and NPC-ML were first  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

simulated at wind speed of 10m/s, an excitation capacitance of 

100 − 𝜇𝐹, and resistive load of 500 Ω to serve as a pre-test for 

the entire system. The results are as depicted in Figures 6 and 

7. 

Before the constant output voltage control action of the 

DC/AC inverter was incorporated, it was also necessary to first 

simulate the microgrid with varying wind speed and varying 

loads to examine their impacts on certain parameters of the 

machine (see Figure 8). Any step increases in wind speed 

results in corresponding step increase in generator rotor speeds, 

as shown in Figures 8 (a) and (b).  

 

 

 

 

 

 

 

 

 

It is necessary that electromagnetic torque and mechanical 

torque are equal and opposite for stability reasons, and that has 

been achieved as illustrated in Figures 8 (c) and (d). The effects 

of varying wind speed on the microgrid with a fixed load 

resistance of 500 ohms was simulated without the control 

scheme as shown in Figure 9 and with the voltage control 

scheme as illustrated in Figure 10. 
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 Figure 8: Variation of SCIG parameters with wind speed. 

Figure 7: Steady state NPC-ML inverter per phase output voltage. 

Figure 6: Steady state output voltage of three phase SCIG. 
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Figure 10: Load voltage regulation with fluctuating wind speed. 

Figure 9: Effect of wind speed variation on the load voltage, RL at 500 ohms. 

Figure 11. Load voltage variations with changing resistive loads, 

𝐕𝐰 = 𝟏𝟎𝐦/𝐬. 

Figure 9 demonstrates variations in both inverter output 

voltage and the SCIG rotor speed in direct correspondence with 

the variations in wind speed. Meanwhile, with the 

incorporation of the constant voltage control scheme, load 

voltage remains constant with wind speed fluctuations (see 

Figure 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To simulate the effect of load variations on microgrid voltage, 

set of load impedances were switched on to the SCIG in 

parallel at specific time intervals so that subsequent equivalent 

impedance kept decreasing e.g 𝑅𝐿 = (500, 120, 120)Ω at 𝑡 =
(0, 2,4) 𝑠𝑒𝑐𝑜𝑛𝑑𝑠. At exactly 6 sec., the two added loads of 120 

Ω were removed so that the system is returned to an initial load 

of 500 Ω. The sequence of the described load variations is as 

depicted in Figure 11, with the Figure 11 (a) showing how the 

wind speed was kept constant at 10 m/s. 

Now, when the constant voltage control was incorporated, 

the output load voltage was kept constant at a set value of 400 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 𝑉𝑟𝑚𝑠 (as shown in Figure 12), this does demonstrate 

the robustness of the control scheme, though at critical value 

of generator speed and load, the machine excitation would 

collapse. To demonstrate the voltage collapse phenomenon in 

SCIG, resistive loads were switched on in parallel in the 

sequence 𝑅𝐿 = (500, 250, 20)Ω at 𝑡 = (0, 5,10) 𝑠𝑒𝑐𝑜𝑛𝑑𝑠. 

Figure 13 illustrates the demagnetization phenomenon.  
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Figure 12. Load voltage regulation with changing resistive loads, 

𝐕𝐰 = 𝟏𝟎 𝐦/𝐬. 

Figure 13: Voltage collapse phenomenon at extreme load condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VII. CONCLUSIONS 

This paper examined the proposed technique to control the 

load voltage of an islanded microgrid for three phase SEIG 

driven by a wind turbine. Comprehensive modelling of SEIG 

and wind turbine with 2-mass drive train has been presented. 

A 5-level neutral point clamped multilevel inverter (NPC-ML) 

inverter that generates a sinusoidal-like voltage was used to 

interface SCIG with the grid so that small filter size is required. 

The constant voltage control scheme was realized using a PI 

controller which produces a varying modulation index that 

ensures the error between the sensed RMS load voltage and the 

set value is brought to zero. The instantaneous voltage tracking 

strategy based on RMS value of microgrid voltage was 

implemented to study the steady state stability and dip 

condition under varying wind speed and impedance load. The 

controller performance was found to be effective as no 

traceable error was observed. 
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