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Abstract 

In this paper, as the main contribution, three sensorless control structures are presented for the control 

of the grid-connected PMSG-based wind turbine (WT) employing boost converter and diode rectifier 

as the machine-side converter. Then, detailed control structures of the boost converter and grid-side 

converter at the three mentioned control strategies are extracted, and next, features of the 

abovementioned control strategies are investigated and compared against wind speed variation and grid 

voltage dip. The boost converter, in the first control strategy, controls the generator speed at the MPPT 

mode, and in the second control strategy, it regulates the PMSG active power to its set point value. 

Also, the boost converter, in the third control strategy, adjusts the voltage of the dc link capacitor to its 

set point value. In this paper, steady-state performance and transient/LVRT behavior of the WT system 

are examined for each mentioned control strategy in the Matlab-Simulink environment. It is shown that 

WT steady-state responses are relatively identical for all three control strategies. However, as an 

interesting result, at the fault conditions, the third control strategy has superior performance, and thus, 

the WT fault ride-through behavior enhances significantly with the third control structure without any 

hardware protection.  

 

Keywords: PMSG-based wind turbine, boost converter, machine-side converter, sensorless control 

strategies, transient and LVRT behavior 

 

1. Introduction 

Currently, full converter-based WTs with permanent magnet synchronous generators (PMSGs), known 

as PMSG-based WTs, are widely used in wind turbine industry and grid-connected applications. 
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PMSG-based WTs have substantial advantages such as simple structure, enhanced power factor, lower 

maintenance cost and wider speed range in maximum power operation mode [1-5].  

PMSG-based WTs are attached to the grid via cascaded power electronics converters, called machine 

and grid side converters (MSC and GSC). Considering the MSC structure, in PMSG-based WTs, the 

MSC can be a voltage source converter (VSC) [6-7] or combination of the boost converter and diode-

rectifier can be used as the MSC [8-10]. Numerous papers have discussed about the control and 

performance analysis of the PMSG-WTs with back-to-back frequency converters. A number of papers 

have also dealt with the behavior analysis and control of PMSG-WTS employing combination of boost 

converter and diode-rectifier as the MSC [8-24].  

In [8], PMSG-WT stability and impact of speed controller parameters on the WT stability is studied by 

the modal analysis. Ref [9] focuses on studying the oscillation modes of direct driven PMSGs 

connected to the power grid by developing small signal models of PMSG-based WTGS with different 

converter topologies. In [10], it is dealt with the modification of the boost converter control for 

improving the PMSG-WT performance. Refs. [11-13] discusses regarding the sensorless performance 

of small PMSG-WTs with diode bridge rectifier in the maximum power mode. In [14], a maximum 

power mode approach, known as incremental conductance approach, is presented for small PMSG-WT 

supplying a dc-load. In [15], sliding mode control with improving transient approach is suggested for 

the PMSG-based WT control, in which diode rectifier, boost converter, neutral point clamped (NPC) 

inverter and L-filter are used as the interface between the wind turbine and grid. In [16], second-order 

sliding mode control are designed as voltage regulators for generating the control signal to bring the 

system to optimal boost converter voltage for realizing MPPT. In [17], power control of 5-phase 

PMSG-diode rectifier set associated to 3-interleaved Boost converter is investigated, and in [18-21], 

model predictive control are used for the PMSG-based WT control assisted with boost converter and 

diode rectifier. In [22-24], PMSG-WT supported by the boost converter is used for supplying stand-

alone load. Ref [25] proposes three topologies of single-stage three-phase ac–dc buck–boost converters 

suitable for medium-voltage and high-power wind energy conversion systems that reduce the voltage 

and current stresses on the self-commutated switching device compared to existing solutions. 

Usually, grid-connected PMSG-WTs are controlled based on two control structures, where in the first 

control structure [7-10, 26-29], the MSC adjusts the generator speed and the GSC sets the dc-link 

voltage, and, in the second control structure [6, 30-35], the MSC controls the voltage of the dc link 

capacitor and the GSC regulates the injected power to the grid.  
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The subject of this paper is about the control and performance analysis of the PMSG-WT 

implementing boost converter as the MSC, as depicted in Fig. 1. This research is a continuation of the 

previous papers [8, 10], where in both [8] and [10], the PMSG-WT uses boost converter and diode-

rectifier and WT is controlled based on the first control structure, in which the boost converter adjusts 

the generator speed to a value corresponding to maximum power point tracking (MPPT) mode. In [8], 

small-signal stability analysis of the PMSG-WT is presented and impact of the speed controller 

parameters on the WT stability is investigated by the modal analysis. Also, in [10] modification of the 

control system of the boost converter for improving the PMSG-WT performance is presented. 

In this paper, as the main contribution, three sensorless control structures are presented for the control 

of the PMSG-WT employing boost converter and diode-rectifier as the machine converter, and then 

responses of the mentioned control strategies are compared. In this way, first, the relationship between 

the active component of the stator current and boost converter current is extracted, and then a simple 

and efficient approach is presented for the generator speed estimation. Next, detailed control structures 

of the converters at the three mentioned control strategies are extracted and given. In the first control 

strategy, the boost converter is responsible for the control of the generator speed at the MPPT mode 

and GSC is used for regulation of the dc link voltage. In the second control strategy, the boost 

converter is used to set the PMSG active power at the reference value, and GSC adjusts the dc link 

voltage to its reference value. In the third control strategy, the boost converter regulates the dc link 

voltage at the reference value, and GSC controls the injected active power to the grid to a reference 

value corresponding to the MPPT mode. In the paper, steady-state performance and transient/LVRT 

behavior of the WT system are examined for each mentioned control strategy. It is shown that WT 

steady-state responses are relatively identical for all three control strategies. However, at the fault 

conditions, the third control strategy has better performance, and thus, the WT low voltage ride-

through behavior improves significantly by using the third control structure without any hardware 

protection.  

The paper is organized as follows. In Sections 2 and 3, mathematical modeling, current control and 

steady-state behavior of the study system are presented. In Section 4, three strategies are presented for 

the PMSG-WT control, and then, control loops of the boost converter and grid-side converter are 

extracted in each control strategy. Finally, in Section 5, time domain simulation results are given, and 

steady-state and transient capabilities of the three presented control strategies are compared and 

investigated.  



4 
 

2. Mathematical representation of the PMSG with diode rectifier 

This section presents dynamic modeling of the PMSG and current control of the boost converter and 

GSC. In this study, for the PMSG modeling, the stator currents direction is considered into the stator 

windings.  

The stator voltages and fluxes of a cylindrical pole PMSG, in the rotor dq reference frame with 

rotational speed of 
r , can be given as [9]: 

dq

dq s dq r dq

d
v R i j

dt


                    (1) 

d s d PM

q s q

L i

L i

 



 



           (2) 

where v , i  and   stand for the stator voltage, current and flux, pm  is the stator flux linkage due to 

rotor permanent magnet, 
sR  is the stator resistance, and Ls is the stator synchronous inductance. Also, 

r  is the rotor rational speed, that at steady-state conditions is identical to the stator frequency, s . 

Besides, the generator electromechanical torque in a cylindrical pole PMSG is given by  

 
3

2 2
e PM sq

p
T i            (3) 

where p  denotes the number of generator poles. 

 

2.1 Current control of boost converter 

In Fig. 1, the boost converter is interfaced between the diode rectifier and grid-side converter, and by 

varying the duty cycle of the switch Q, the inductor current bi  can be controlled. Considering the 

current continuous mode (CCM) operation of the boost converter, two different cases related to on and 

off states of the switch Q can be considered. The boost converter average model over one switching 

cycle is achieved, as given in Fig. 2.  

From Fig. 2, the dynamics of the boost converter current is achieved as  

(1 )b
d b b b dc

di
v R i L v d

dt
             (4) 

where d  denotes the switch Q duty cycle. Considering 0d d d  , 0d d dv v v  , 0b b bi i i  , 

and 0dc dc dcv v v  , the small-signal model of the boost converter current dynamics is obtained as 
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given in (5), where the symbols   and 0 represent the small-signal variation, and operating point, 

respectively.  

0 0. (1 )b
b b b dc dc d

d i
L R i d v v d v

dt


              (5) 

From (5) and by considering the boost converter controller as the PI type, the current control loop of 

the boost converter is obtained as given in Fig. 3, where the control signal d  regulates 
bi  to its set 

point value.  

By implementing the pole-zero deletion approach in Fig. 3, we have p i b bk k R L , and by choosing 

p b bk L , the transfer function from b refi   to bi  is achieved as  

*

( )

( )

b b

b b

i s

i s s







           (6) 

where b  denotes the current control closed loop bandwidth, which is selected sufficiently smaller 

than the converter switching frequency sw .  

 

2.2 Current control of the GSC  

The GSC, in Fig. 1, is linked to the grid through interfaced passive filter and step-up transformer, 

where the filter and transformer are specified by inductance fL  and resistance fR . The dynamics of 

the GSC current, in pu, is given by  

gdqf
GSCdq f gdq f gdq gdq

b

diL
v R i j L i v

dt



            (7) 

where GSCdqv , gdqi  and gdqv  are the dq-components of the GSC output voltage and current and grid 

voltage, respectively. Figure 4 shows the control loops of the GSC dq axes currents.  

The GSC is normally controlled in the dq frame with the grid voltage orientation (GVO), in which 

gd gv v , and 0gqv  . In GVO, gdi  is the active power part of the GSC current used for regulation of 

the output active power or dc-link voltage.  

Considering the WT control strategy, the GSC may regulate the dc-link voltage or the active power 

injected to the grid, and thus 
*

gdi  is achieved from the outer dc-link voltage control loop or outer 

active power control loop, as will be given in Section 4. Also, in the GVO reference frame, gqi  is the 

reactive power component of the GSC current used for the reactive power/grid voltage control.  
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3. Steady state behavior of the PMSG-WT with boost converter and diode rectifier  

By equating the stator flux derivative to zero and from (1) and (2), the steady-state model of the 

surface mounted PMSG is achieved as given in (8).  

sdq s sdq s sdq r pmv R i jX i j            (8) 

Considering (8), Fig. 5, depicts the one-phase circuit of the PMSG at steady-state conditions, where 

g r pmE j  is the back-emf voltage of the stator, and sX  is the PMSG synchronous reactance.  

In the study system of Fig. 1, the inductor Lb is selected such that the boost converter works at the 

continuous conduction mode (CCM). Hence, as depicted in Fig. 6, the boost converter at steady state 

conditions is modeled as a current source at the output of the diode-rectifier.  

In Fig. 6, abcgE  and 
dV  are the three-phase back-emf voltages, and rectifier output voltage. By ignoring 

the stator resistance and according to [36], the rectifier average output voltage may be given as: 

3 3 3
d g s bv E X i

 
            (9) 

where the second term in (9), i.e. (3 ) s bX i , is the voltage drop at the rectifier output due to 

synchronous reactance sX . It is noted that due to reactance sX , the current commutation in the diode 

rectifier is not instantaneous causing rectifier output voltage drop. 

From (8) and Fig. 5 and by ignoring the stator resistance, the PMSG output active power can be given 

by  

3 3

2 2
s g sq r pm sqP E i i              (10) 

Because of presence of diode-rectifier, three-phase stator currents comprise higher harmonics, where in 

the synchronous reference frame, the stator currents with the fundamental frequency become dc terms 

and other harmonics appear as ripples with frequency of 6 0  ( 0  is the fundamental frequency). 

Hence, the fundamental part of the stator current and accordingly the average component of the q-axis 

stator current sqi  are responsible for delivering the PMSG active power. Therefore, the average output 

active power of the PMSG can be given by  

3 3

2 2
s g sq r pm sqP E i i             (11) 

where the superscript   in (11) denotes the average value. In Fig. 6, by neglecting the rectifier losses 

and equating the average output powers of the PMSG and rectifier, we have: 
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3 3 3 3

2
g sq g s b bE i E X i i

 

 
    

 
         (12) 

Simulation studies show that at different wind speeds, the term  3 s bX i  at the right side of (12) is a 

fraction of  3 3
g

E , so that at low wind speeds (about 6 m/s) this ratio is about 0.01 and at 

nominal wind speeds, this ratio is about 0.1. Given this fact, (8) can be rewritten as  

 
3 3 3

0.9 ~ 0.99
2

g sq g bE i E i


          (13) 

From the (13), the relationship between b
i  and sqi  is as follows: 

 0.99 ~1.09sq bi i            (14) 

Figure 7(b) shows the average values of sqi  and boost converter current bi  under wind speed profile of 

Fig. 7(a) for the study 2 MW PMSG-based WT with parameters of Appendix A. Considering (14) and 

Fig. 7, in a wide range of wind speed variations, the average values of sqi  and bi  are approximately 

identical, i.e. 
sq bi i . Therefore, from (3), the PMSG torque as a function of 

bi  is approximately 

given by  

 
3

2 2
e p pm b

p
T n i             (15) 

 

4. Different control strategies of the study system 

In this section according to main duties of the boost converter and GSC, three control strategies are 

briefly introduced for the study system. In the first control strategy, according to Fig. 8(a), the boost 

converter is responsible for the generator speed control at the MPPT mode and GSC is used for the dc-

link voltage control. In the second control strategy, according to Fig. 8(b), the boost converter is used 

to adjust the PMSG active power at the reference value, and GSC adjusts the dc link voltage to its set 

point value. In the third control strategy, as clear from Fig. 8(c), the boost converter regulates the dc 

link voltage, and GSC adjusts the active power injected to the grid to a reference value corresponding 

to MPPT mode. It is noted that at all three mentioned control strategies, the study system is controlled 

in the MPPT mode, and the reference of the generator speed/active power is achieved according to the 

power-speed curve.  
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Detailed representations and block diagrams of these control strategies will be given in Sections 4.2, 

4.3 and 4.4. 

 

4.1 Estimation of rotor speed in PMSG-WT with boost converter and diode rectifier  

In all three mentioned control strategies mentioned above the generator speed is required for the 

control of the study system. In this section, a method is presented for estimation of the generator speed.  

According to (9), the rectifier output voltage 
dv  may be given as 

0

3
d d s bv v X i


  , where the first 

term  0 3 3d r pm rv k    , known as no load voltage, is proportional to generator speed, and 

the second term 
3

s bX i


 is the voltage drop due to commutation procedure. Table 1 depicts the values 

of the first and second items at different wind speeds. As stated before, and it is clear from Table 1, the 

contribution of the term 
3

s bX i


 in dv  is negligible, and we can approximately express 

 3 3d r pmv   . However, since 0d rv k , the accurate estimation of the generator speed can be 

realized through measuring vd and computing vd0 ( 0

3
d d s bv v X i


  ). Figure 9 demonstrates the block 

diagram for accurate estimation of the generator speed, where n

r  and 
0

n

dv  correspond to rated 

generator speed and power. 

 

4.2 System control structure at the first control strategy  

In this section, the control block diagrams of the boost converter and GSC with the first control 

strategy are presented.  

 

4.2.1 Boost converter control with the first control strategy  

According to (15), the electromagnetic torque Te is directly related to the boost converter current bi . 

Hence, the generator speed may be controlled by adjusting bi  through duty cycle of boost converter 

switch. Figure 10 illustrates the overall block-diagram of the boost converter control with the first 

control strategy. The control structure of the boost converter includes the outer generator speed and 
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inner current control loops, where the boost converter reference current is obtained from the outer 

control loop of the generator speed.  

Figure 11 demonstrates the generator speed control loop, in which ( )b bs   denotes the transfer 

function of the boost converter current control loop. 

Since the outer speed control loop is much slower than the inner current control loop, in the speed 

control loop, it is possible to ignore the inner current control dynamics and thus replaces ( )b bs   

with 1. Therefore, the closed-loop transfer function of the generator speed control is achieved as given 

below.  

  
   2

3 4

3 4 3 4

p pm g p ir

r ref p pm p g p pm i g

n H k s k

s n k H s n k H

 

 



  




 
      (16) 

According to (16), we obtain the parameters of PI controller, pk   and ik  , from the following 

equation: 

 

 2

2 3 4

3 4

n p pm p g

n p pm i g

n k H

n k H





 

 




          (17) 

where n  and   correspond to the undamped natural frequency and damping ratio of the control loop, 

respectively. Due to direct relation between the n and closed loop bandwidth of the outer control 

loop, n  is selected much smaller than the bandwidth of the inner current control loop ( b ), because 

the dynamics of the outer speed control loop is much slower than the dynamics of the current control 

loop. Hence, the PI controller parameters of the generator speed control, i.e. pk   and ik  , are obtained 

from (17) by setting 2 1n    rad/s and 0.7  .  

In Fig. 11, the reference speed *

r  is selected such that the WT works in the MPPT mode at the 

rotational speeds below the rated one. At high wind speeds, the MPPT mode is not realized and 

generator speed is set to its rated one. The stator output active power at the MPPT mode may be 

considered as 
3

s opt rP k  .  

 

4.2.2 GSC control with the first control strategy  

In the first control strategy, the GSC can set the dc-link voltage at the reference value. As stated 

before, the GSC is controlled in the dq frame with GVO, and thus in Fig. 1, the active power injected 
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to the grid can be given as 
g gd gdP v i . From Fig. 1 and by ignoring the converters losses, the dc-link 

power balance equation is expressed as  

  dc
b g dc dc

dv
P P C v

dt
            (18) 

where 
bP  is the boost converter input active power, 

dcv  and 
dcC  are the dc-link voltage (in volt) and 

capacitor (in F). Linearizing (18) around the operating point results in the following equation: 

  0
dc

b g dc dc

d v
P P C v

dt


             (19) 

where   depicts the small-signal deviation about the operating point. Figure 12 illustrates the closed-

loop control of the dc-link voltage. The term ( )g gs   in Fig. 12 corresponds to the closed-loop 

transfer function of the inner current control loop. If the dc-link dynamics is slow enough compared to 

the inner current control loop, we can set gdi  to its set point value
*

gdi , and thus for the frequency range 

of g  , the dynamics of  g gs   in Fig. 12 can be ignored. Therefore, the transfer function from 

*

dc
v  to dc

v  may be described by  

2

* 2 2

2

2

dc n n

dc n n

v s

v s s

 

 




 
                       (20) 

where n  and   correspond to the closed-loop bandwidth and the damping ratio of the dc-link voltage 

control loop, respectively and 
2

_ 03 2
n g i dc dc dcV k C V  , 

_ 02 3 2
n p dcg dc dck CV V  .  

In the grid voltage oriented reference frame, gdi  can be used for the dc-link voltage control and gqi  for 

the reactive power control. Usually *

gqi  is considered equal to zero and thus the GSC works at unity 

power factor. Figure 13 demonstrates the overall control structure of the GSC in the first control 

strategy.  

 

4.3 System control structure at the second control strategy  

In the second control strategy, the boost converter is responsible for the control of the PMSG output 

active power. Considering (8) and Fig. 5 and under disregarding the stator resistance, the PMSG active 

power may be given by  

3

2
s r pm sqP i             (21) 
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As shown in Section 3, isq=-ib, and thus the PMSG active power in terms of the boost converter current 

may be given as  

3

2
s r pm bP i            (22) 

The linearized form of (22) about the operating point can be given as  

0 0

3 3

2 2
s r pm b pm b rP i i   

   
       

   
      (23) 

Figure 14 demonstrates the overall control block diagram of the boost converter in the second control 

strategy. The boost converter control structure includes the outer and inner control loops of the PMSG 

active power and boost converter current, respectively.  

From (23), the PMSG active power control loop is achieved as given in Fig. 15. In Fig. 15, 

( )b bs   is the current control loop transfer function of the boost converter.  

From Fig. 15, the closed-loop transfer function of the PMSG active power control is attained as given 

below.  

0 0

*
2

0 0

3 3

2 2

3 3
1

2 2

pP r pm b iP r pm b

s

s
b pP r pm iP r pm b

k s k
P

P
s k s k

     

     

   
   

   


   
     

   

      (24) 

According to (24), the PI controller parameters pPk  and iPk  are obtained from the following equation: 

0

2

0

3
2 1

2

3

2

n b pP r pm

n iP r pm b

k

k

   

   

 
  

 

 
  
 

          (25) 

where n  and   correspond to the undamped natural frequency and damping ratio of the PMSG active 

power control loop, respectively. Since the outer control loop should be much slower than the inner 

control loop, by selecting 0.1n b   and 0.7  , the controller parameters are achieved. In Fig. 15, 

the reference power Ps
*
 is selected such that the WT operates in the MPPT mode at the rotational 

speeds below the rated one. At high wind speeds, the WT cannot operate in the MPPT mode and 

PMSG active power is set to its rated value. As stated before, the stator output active power at the 

MPPT mode can be approximated as 
3

s opt rP k  .  
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The main function of the GSC in the second control strategy is keeping the dc-link voltage constant 

and regulation of the reactive power delivered to the grid. Hence, the control structures of the GSC in 

the first and second control strategies are exactly similar, and thus, are not given in this section.  

 

4.4 System control structure at the third control strategy  

In the following, the control block diagrams of the boost converter and GSC at the third control 

strategy are presented.  

 

4.4.1 Boost converter control at the third control strategy  

In the third control strategy, the boost converter regulates the dc-link voltage to the set point value. 

According to Fig. 2, the dc-link voltage dynamics can be described by  

 1 dc
b dc dc

dv
d i i C

dt
             (26) 

The linearized form of (26) about the operating point can be given as  

 0 01 . dc
b b dc dc

d v
d i d i i C

dt


           (27) 

Figure 16 demonstrates the overall boost converter control in the third control strategy. The boost 

converter control structure includes the outer and inner control loops of the dc link voltage and boost 

converter current, respectively.  

From (27), the dc-link voltage control loop by the boost converter is attained as given in Fig. 17. In 

Fig. 17, ( )b bs   represents the transfer function related to boost converter current control loop.  

If dynamics of the dc-link is slow enough compared to the inner current control loop, we can set bi  

equal to set point value 
*

bi , and therefore for the frequency range b  , the dynamics of  b bs   in 

Fig. 17 can be ignored. Therefore, the transfer function from 
*

dc
v  to dc

v  may be given as: 

2

* 2 2

2

2

dc n n

dc n n

v s

v s s

 

 




 
        (20) 

where n  and   correspond to the bandwidth and damping ratio of the dc-link voltage control loop, 

respectively and 2

0(1 )
n dcik Cd   , 02 (1 )

n dcpk Cd   . 
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4.4.2 GSC control structure with the third control strategy  

In the third control mode, the GSC sets the grid injected active and reactive powers to their reference 

values. As stated before, in the grid voltage oriented reference frame, 
gdi  and 

gqi  are used for the 

active and reactive power regulation, respectively. Figure 18 demonstrates the control loop of the GSC 

active power.  

*

gP  in Fig. 18 is the GSC active power reference and is selected for operation of the WT in the MPPT 

mode. For operation in the MPPT mode and under neglecting the converter losses, *

gP  may be 

considered as 3

opt rk   for the generator speed blow the rated one. Figure 19 illustrates the overall block 

diagram of the GSC control system in the third control mode, where gdi  controls gP  and gqi  is 

adjusted to zero for operation at unity power factor.  

 

5. Simulation results 

Performance of the PMSG-WT in the study system of Fig. 1 is examined in this section, and 

capabilities of the three control strategies presented in Section 4 are investigated and compared. The 

study system in Fig. 1 includes a 2 MW--690 V--50 Hz PMSG-based WT with parameters of 

Appendix A that is linked to a 20 kV grid through a 690 V/20 KV transformer and transmission line.  

Figure 20 demonstrates the wind speed profile and corresponding generator speed response. Figure 

20(b) indeed depicts the estimated and actual values of the generator speed, and based on which, it is 

clear that the estimated values of the generator speed at different wind speed are well close to the 

actual ones.  

Figure 21 shows steady state responses of the PMSG-based WT for the three mentioned control 

strategies mentioned in Section 4 and against wind speed change from 10 to 12 m/s. Figure 21 indeed 

illustrates responses of the generator speed, stator active power, dc-link voltage and electromagnetic 

torque. From Fig. 21, it is evident that WT responses are relatively identical for all three control 

strategies mentioned in Section 4.  

Figure 22 shows the three-phase and dq parts of the stator current and boost converter current for the 

wind speed of 12 m/sec. In Fig. 22, because of existence of the diode-rectifier, the three-phase stator 

currents contain the fundamental and harmonic frequencies. Therefore, as shown in Fig. 22(a) and (b), 

sdi and sqi  are not constant and include ac harmonic ripples. In Fig. 22, the mean values of sqi and boost 
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converter current 
bi  are approximately identical and equal to 2590 A, and this is in close agreement 

with the result of Section 3. 

Figure 23 describes responses of the dc-link voltage, stator active power, generator torque and boost 

converter current against 70% three-phase voltage dip at t=4 sec, for the three mentioned control 

strategies. Also, Fig. 24 shows the WT time responses under 90% three-phase voltage dip, for all three 

mentioned control strategies.  

As stated before, in the first control strategy, the boost converter is responsible for the generator speed 

control and GSC adjusts the dc-link voltage at its reference value. In the second control strategy, the 

boost converter sets the PMSG active power at the reference value, and GSC adjusts the dc-link 

voltage to its set point value. In the third control strategy, the boost converter adjusts the dc link 

voltage at the reference value, and GSC controls the injected active power to the grid to a reference 

value corresponding to the MPPT mode.  

According to Fig. 23(a) and under 70% voltage dip, the peak values of the dc-link voltage during the 

fault for the first, second and third control strategies are 1550 v, 2000 v and 1350 v, respectively. Also, 

according to Fig. 24(a) and under 90% voltage dip, the peak values of the dc-link voltage for the first, 

second and third control strategies are 2000 v, 2420 v and 1400 v, respectively. 

According to Figs. 23(a) and 24(a), it is clear that the peak values of the dc-link voltage during the 

fault for the third control strategy are lower than the ones in the first and second control strategies. 

Hence, the LVRT capability of the wind-turbine enhances significantly in the third control structure 

without any hardware protection. Since, in the third control structure, MSC is responsible for the dc-

link voltage control via q-axis stator current, the stator output active power, generator torque and boost 

converter current decrease during the voltage dip in this control structure (see Figs. 23(b), (c) and (d) 

and Figs. 24(b), (c ) and (d)). Hence, according to Figs. 23(b) and 24(b), in the third control structure, 

the power exported from the stator to the dc-link decreases during the voltage dip, and this lessens the 

dc-link overvoltage in the third control structure during fault conditions. 

 

6. Conclusion 

In this paper, performance analysis and control of the PMSG-WT, implementing boost converter and 

diode-rectifier as the machine-side converter, is presented. In the paper, at first, the relation between 

the active component of the stator current and boost converter current is extracted, a simple and 
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efficient approach is presented for the generator speed estimation, and then, three sensorless control 

strategies are presented for the control of the grid-connected PMSG-based wind turbine (WT).  

At the end, features of the abovementioned three control strategies are investigated and compared 

against wind speed variation and grid voltage dip. In this way, steady-state and transient responses of 

the WT system are investigated for each mentioned control strategy in the Matlab-Simulink 

environment. It is shown that steady-state responses of the WT are relatively identical for all three 

control strategies. However, at the fault conditions, the third control strategy has better performance, 

and thus, the WT low-voltage ride-through behavior enhances significantly in the third control 

structure without any hardware protection. This is because in the third control structure, the boost 

converter is responsible for the dc-link voltage control, and thus, the stator output active power, 

generator torque and boost converter current decrease during the voltage dip in this control structure 

Therefore, the power exported from the PMSG stator to the dc-link decreases during the voltage dip, 

and this lessens the dc-link overvoltage, in the third control structure, during the grid fault conditions. 

 

Appendix 

Parameters of the 2 MW, 690 V, 50 Hz, PMSG-WT are given below in Table 2. 
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Figure captions: 

 

Fig. 1 Overall structure of the system under study 

Fig. 2 Average model of the boost converter over one switching cycle 

Fig. 3 Boost converter current control loop  

Fig. 4 Current control loops of the GSC in the dq reference frame 

Fig. 5 One-phase equivalent circuit of the PMSG 

Fig. 6 PMSG and boost converter equivalent circuit at steady state conditions 

Fig. 7 (a) Wind speed profile, (b) comparison of average values of the boost converter current and 

stator q-axis current under wind speed profile of Fig. 7(a) 

Fig. 8 Overall control structures of the study system related to three different control strategies, (a) first 

control strategy, (b) second control strategy, (c) third control strategy  

Fig. 9 Estimation of the generator speed  

Fig. 10 Overall block diagram of the boost converter control 

Fig. 11 Outer speed control loop at the first control strategy  

Fig. 12 Closed loop control of the dc-link voltage with the first control strategy 

Fig. 13 Overall control structure of the GSC in the first control strategy 

Fig. 14 Overall control block diagram of the boost converter in the second control strategy  

Fig. 15 Outer PMSG active power control loop with the second control strategy  

Fig. 16 Overall control of the boost converter in the third control strategy 

Fig. 17 Outer control loop related to dc-link voltage with the third control strategy  
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Fig. 18 Control loop of the GSC active power  

Fig. 19 Overall control structure of the GSC in the third control strategy  

Fig. 20 (a) wind speed profile, (b) actual and estimated responses of the generator speed against wind 

speed profile of Fig. 20(a) 

Fig. 21 System time responses with the mentioned three control strategies and against the wind speed 

change from 10 to 12 m/s, (a) generator speed, (b) stator active power, (c) electromagnetic torque, (d) 

dc-link voltage  

Fig. 22 Time responses of the PMSG-based WT at wind speed of 12 m/s, (a) three-phase stator current, 

(b) d-axis stator current, (c ) q-axis stator current, (d) boost converter current 

Fig. 23 System time responses with the mentioned three control strategies against 70% grid voltage dip 

at t=4 s, (a) dc-link voltage, (b) stator active power, (c) electromagnetic torque, (d) boost converter 

current 

Fig. 24 System time responses with the mentioned three control strategies against 90% grid voltage dip 

at t=4 s, (a) dc-link voltage, (b) stator active power, (c) electromagnetic torque, (d) boost converter 

current 

 

 

 

 

 

 

 

 



21 
 

 

Table captions: 

 

Table 1 Contributions of the first and second items on the average output voltage of the rectifier 

Table 2 System under study parameters 
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Fig. 1 Overall structure of the system under study 

 

 

Fig. 2 Average model of the boost converter over one switching cycle 

 

 

Fig. 3 Boost converter current control loop  

 

 
Fig. 4 Current control loops of the GSC in the dq reference frame 
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Fig. 5 One-phase equivalent circuit of the PMSG 

 

 

Fig. 6 PMSG and boost converter equivalent circuit at steady state conditions 

 

 

 

Fig. 7 (a) Wind speed profile, (b) comparison of average values of the boost converter current and stator q-axis current 

under wind speed profile of Fig. 7(a) 
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(a) 

 

(b) 

 

(c) 

Fig. 8 Overall control structures of the study system related to three different control strategies, (a) first control strategy, (b) 

second control strategy, (c) third control strategy  
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Fig. 9 Estimation of the generator speed  

 

 

Fig. 10 Overall block diagram of the boost converter control 

 

 

Fig. 11 Outer speed control loop at the first control strategy  

 

 

 

Fig. 12 Closed loop control of the dc-link voltage with the first control strategy 
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Fig. 13 Overall control structure of the GSC in the first control strategy 

 

 

 

Fig. 14 Overall control block diagram of the boost converter in the second control strategy  

 

 

 

Fig. 15 Outer PMSG active power control loop with the second control strategy  

 

 

 

Fig. 16 Overall control of the boost converter in the third control strategy 
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Fig. 17 Outer control loop related to dc-link voltage with the third control strategy  

 

 

 

Fig. 18 Control loop of the GSC active power  

 

 

 

Fig. 19 Overall control structure of the GSC in the third control strategy  
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(a)  

 

(b) 

Fig. 20 (a) wind speed profile, (b) actual and estimated responses of the generator speed against wind speed profile of Fig. 

20(a) 
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(a) 

 

(b) 

 

(c) 
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(d) 

 

Fig. 21 System time responses with the mentioned three control strategies and against the wind speed change from 10 to 12 

m/s, (a) generator speed, (b) stator active power, (c) electromagnetic torque, (d) dc-link voltage  

 

 

)a) 
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)b) 

 

(c) 

 

(d) 

Fig. 22 Time responses of the PMSG-based WT at wind speed of 12 m/s, (a) three-phase stator current, (b) d-axis stator 

current, (c ) q-axis stator current, (d) boost converter current 

 

 

 

)a) 
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)b) 

 

(c) 

 

(d) 

Fig. 23 System time responses with the mentioned three control strategies against 70% grid voltage dip at t=4 s, (a) dc-link 

voltage, (b) stator active power, (c) electromagnetic torque, (d) boost converter current 
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(a) 

 

(b) 

 

(c) 
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(d) 

Fig. 24 System time responses with the mentioned three control strategies against 90% grid voltage dip at t=4 s, (a) dc-link 

voltage, (b) stator active power, (c) electromagnetic torque, (d) boost converter current 
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Table 1 Contributions of the first and second items on the average output voltage of the rectifier 

Terms Wind speed (m/s) 

6 8 10 12 

3
s bX i


 

1.27 

 

1.84 

 

4.1 

 

7.51 

 

3 3
r pm 


 

132.82 

 

158.04 

 

208.38 

 

259.58 

 

 

 

 

Table 2 System under study parameters 

Component  Parameter Value 

PMSG WT parameters  

 

Rated Power 2 MW 

Rated stator voltage 690 v 

Rated Frequency 50 Hz 

Number of pole pairs 4 

pm  0.95 pu 

sR  0.002 pu 

s d qL L L   0.14 pu 

,g tH H , 0.6 sec, 4 sec 

WT tansformer parameters 

690 v/20 kV  transX  0.1 pu 

Boost converter parameters 

 
 ,  b bR L  5 , 2.4 mH 

GSC parameters  

 

DC link voltage Vdc 1100 v 

DC link capacitor Cdc 90 mF 

GSC output LC filter 

,F FL C  
0.15 pu, 0.07 pu 
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Nomenclature: 

 

PMSG   Permanent magnet synchronous generator (PMSG) 

WT   Wind turbine 

MSC   Machine side converter 

GSC   Grid side converter 

LVRT   Low voltage ride-through 

dqv , dqi , dq   dq-components of the stator voltage, current and flux 

PM    Stator flux linkage 

gE    Back-emf voltage of the stator 

p , pn    Number of generator poles and number of pole pairs 

sR , sL , sX   Stator resistance, synchronous inductance and synchronous reactance 

eT , r    Generator torque and rotational speed 

dv , dcv    Input and output voltage of boost converter 

dcC    DC-link capacitor 

bR , bL    Boost converter resistance and inductance 

d    Duty cycle of the boost converter switch 

bi    Boost current 

GSCdqv , gdqi , gdqv    dq-components of the GSC output voltage and current and grid voltage 

fR , fL   Filter resistance and inductance  

sP , gP    PMSG output active power and GSC output active power 

gH    Generator inertia constant  
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