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Abstract—Energy production through wind power 

generation systems presents instability mainly due to wind 

variability the dynamic performance of the DC-Link is 

necessary for the proper operation of wind power plants using 

PMSG-based technologies, therefore, it is necessary to 

guarantee the efficient voltage control in the DC-Link in a 

back to back topology of the converters used for the energy 

conversion. This research compares the effect of implementing 

DC-Link voltage control on the Grid Side Converter versus 

DC-Link voltage control on the Machine Side Converter. The 

simulated system consists of a wind turbine coupled to the 

Permanent Magnet Synchronous Generator, Power Electronic 

Converters and the grid. Internal current controllers and 

external DC-link voltage control are designed for each case. 

The performance of the system against wind speed changes and 

voltage faults in the grid is evaluated and compared. 

Keywords—DC-link, Grid Side Converter, Machine Side 

Converter, wind system, wind turbines. 

I. INTRODUCTION  

Electric energy is necessary for world progress, since it 
allows the social and economic development of the 
population [1]. The electricity demand has been increasing 
until it has become a problema. This is because energy 
sources from non-renewable resources have been used, 
generating short- and long-term environmental  issues to 
supply the electricity demand [2]. Wind energy is considered 
a renewable resource that helps to mitigate these issues. 

Global wind power generation in 2021 was 1814 TWh, 
representing 6.6% of the world's electrical energy, with 
China being the leader in wind energy generation with 148 
TWh [3]. In Latin America, there has also been a constant 
increase in wind energy installed capacity. For example, the 
installed wind power capacity of Brazil in 2021 was 21161 
MW [4], 3137 MW in Chile [4][5], and 3292 MW in 
Argentina [4][6]. Furthermore, [4][7] establish that 81.02% 
of the total energy production in Ecuador is renewable 
energy, where 0.24% is produced by wind farms with an 
installed wind capacity of 21.15 MW in 2021.  

Wind systems have had significant developments with 
the use of high-power wind turbines and flexible structures. 
However, the main problem of this type of system is 
presented when trying to obtain energy in wind turbines as 
they maintain a cubic relationship with the wind speed, 
where the variation in speed produces energy fluctuations 
and make it difficult to operate the system [8][9], therefore, it 
is necessary to use power converters and controllers design 
in order to adapt the signal delivered by the wind turbine, 
and provide a constant signal in both amplitude and 
frequency for injection into the power grid [10][11]. 

Different solutions have been proposed from the point of 
view of power electronics and process control. In [12], power 
converter topologies are proposed to provide high reliability, 
redundancy, and better power quality. Back-to-back 
converters are the most used among the topologies studied 
due to their interconnection of the electric power grid with 
different machines or electric loads [13][14]. In [15] presents 
the power regulation produced by a wind turbine rotation 
speed control and conventional control schemes of a three-
phase wind generation system connected to the electric 
power grid. In [16], wind farm stability problems are 
examined by analytical models in which active power control 
and DC-link voltage control are assumed to demonstrate the 
most efficient approach. In [17], a dc bus voltage control for 
a large-scale wind turbine connected to a dc grid is 
developed. 

In [18], a non-linear disturbance observer (NDO) is 
proposed to improve the dynamic performance of the voltage 
source converter (VSC). A feedforward with a voltage 
control loop is considered, which suppresses the transient 
variations of the DC-link voltage, improving the VSC 
dynamics and the power quality of the system.  

There are different technologies associated with wind 
energy production in order to transform mechanical energy 
into electrical energy such as: fixed speed induction 
generator[19], permanent magnet synchronous generator 
(PMSG) [20], doubly fed induction generator (DFIG) [21], 
and variable speed synchronous generator [22]. In this 
research, the PMSG is selected because when generating 



 
Fig. 1. Diagram of a WECS based on PMSG 

 

voltages at low wind speeds, it is unnecessary to use a 
gearbox, requires less maintenance, provides greater 
reliability, and has improved overall performance [23] [24]. 

This research models a wind turbine coupled to a PMSG 
without a multiplier box connected to the grid with a 2-Level  
converter in a back-to-back configuration. In addition, a PLL 
based on a synchronous reference frame, current controllers 
for the grid side converter (GSC), and the machine side 
converter (MSC) are designed, all based on the d-q reference 
frame. Two control architectures are applied to this system. 
In the first case, voltage regulation on the DC-link controlled 
is implemented from GSC, and in the second case, voltage 
control on the DC-link is implemented on the MSC. For this 
purpose , dynamic simulations, parameter selection , and 
analytical models of grid interconnection are used. After 
analyzing and comparing the performance of the controllers 
in the two cases, the best of them will be selected,.  The 
selection considers dynamic performance indexes such as the 
settling time, overshoot, and steady-state error in the voltage 
control variable in the DC-link, also the power delivered to 
the grid at the point of common coupling (PCC) is validated 
for the two implemented cases. Finally, tests will be 
performed simulating voltage failures in the power grid to 
verify the correct operation of the controllers against these 
disturbances.  

The main contribution of this research work is to 
compare and identify the most efficient control architecture 
for the dynamic performance of the wind generation unit, in 
order to guarantee a constant voltage in the DC-link in the 
face of wind speed changes and possible overvoltages or 
voltage drops, taking advantage of the wind resource that is 
reflected in the amount of power delivered to the grid. 

II. WIND TURBINE MODEL 

The Wind Energy Conversion System (WECS) shown in 
Fig. 1, is composed of a PMSG generator, voltage source 
converter (VSC) in back-to-back configuration (MSC and 
GSC), filters of L type, and a DC-link capacitor. The wind 
system is connected to the grid through the Point of Common 
Coupling (PCC). Each part of the model is described below. 

A. PMSG Model 

The Park model is a common model of PMSG generator  
in the d-q reference frame [25], the stator voltage in d-q 

references frame ( m

dv and )q

mv are defined by  (1) and (2), 

respectively. Where
sdi is the stator current. 

sd and sq , are 

the stator fluxes in d-q references frame generated by the 

machine due to its magnets, defined by (3) and (4). SR is the 

stator winding resistance, e represents the angular frequency 

of the rotating shaft associated with the d-q axes.
SL is the 

leakage inductance of the PMSG. 

m sd

d s sd e sq

d
v R i

dt


= − − −  (1) 

sqm

q s sd e sd

d
v R i

dt


= − − +  (2) 

sd d fds siL = +  (3) 

sq q fqs siL = +  (4) 

 

Replacing (3) and (4) in (2) and (1) respectively, the 

following equations are obtained: 

m sd

d s sd e sqs e fq

d
v R i i

dt
L


 = − − − −  (5) 

sqm

s sd e sd es fdq

d
v R i i

dt
L


 = − − + −  (6) 

 

In [26] it is mentioned that, superficial magnet PMSG 

generators possess uniform air gap, thus, the inductances in 

d-q are identical. If steady state analysis is performed, 

then 0,sdd

dt


= and 0.

sqd

dt


= 0SR    and 0 ,SL H are 

considered due to the PMSG is modeled as rotational 

velocity dependent sources, equations (7) and (8) are 

obtained: 
m

d e fqv −=  (7) 

dq

m

e fv =  (8) 

III. DC-LINK VOLTAGE CONTROLLER DESIGN APPLIED TO 

GRID SIDE CONVERTER  

Cascade control is performed for both GSC and MSC. It 

comprises inner current control loops and outer voltage 

control loops in the DC-link. Additionally, a PLL is used for 

the synchronization method. The inner control loops are 

faster than the outer control loop, which means that they 

operate at different bandwidths [27]. Consequently, the 

design of the controller can be done separately.   

A. Design of Current Controllers 

Fig 2 shows the implemented controllers on the GSC. 

On the right side, the implementation of the voltage control 

in the DC-link can be observed. The design of current 

controllers is described in detail below.    

 
Fig. 2. General diagram for DC-link voltage control on GSC 

 



Vector control is used and implemented in d-q reference 

frame. The control is oriented to the voltage at PCC 

( ),PCC PCC

d qv v [27].  

The circuit shown in Fig. 3 represents the GSC, it is used 

to determine the model and obtain the gains of the 

Proportional Integral (PI) current controllers. In Fig. 3 the 

GSC voltage and the current flowing from the GSC node to 

the PCC are denoted as GSC

abcv and ,g

abci respectively. The 

voltage at the coupling point is denoted as PCC

abcv . An RL 

circuit between the converter and the grid is considered. 

Applying Kirchhoff Voltage Law (KVL), equation (9) is 

obtained. 

 
Fig. 3. Circuit diagram of the converter connected to the grid. 
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Equation (10) shows the representation in d-q references 

frame: 
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Where 0q

GSCv =  because the PCC voltage is oriented 

towards the d-axis and 
0  is the grid angular frequency.  

By separating equation (10) into d-q axes, the model for the 

controller design is obtained for (11) and (12). 

0

d

g

g gd

d d d

P

q

G CC

u

SCdi
L

t
v vRi Li

d
+ = − +  (11) 

0

q

g

q g g

q q q

P

d

G CC

u

SC
di

L
t

v vRi Li
d

+ = − +  (12) 

Fig 4 shows shows the closed-loop control system for 

current control. The PI controller gives the plant model for 

d-q references frame includes the tuning gains pK  and .iK  

 
Fig. 4. Block diagram of current inner loop control. 

 

The input signals to the plant are
du and ,qu which 

represent the control actions, and the outputs 
g

di and g

qi are 

the variables to be controlled. In addition, the cross-coupled 

components and direct supply voltage  are integrated into 

the controller output in order to generate the d-q voltage 

components of the converter [27] as shown in Fig. 6. From 

Fig. 4, the direct gain of the system ( )l s is given by (13). 

( )

i

p p

K
s

K K
l s

RsL s
L

 + 
=  

+  
 

 (13) 

 

The plant pole is very close to the origin, so it is 

canceled by the zero, ,i

p

K R

K L

 
= 

 
 

 therefore, ( )l s is 

represented by (14) [27]. 

( )
pK

l s
sL

=  (14) 

Then, the transfer function of the closed-loop system is 

denoted by (15). Where:  
p

L

K
 =  and  i

R
K


= . 

( ) 1
( )

1 ( ) 1

l s
G s

l s s
= =

+ +
 (15) 

B. Phase-Locked Loop (PLL) Design 

A second-order PLL is designed as shown in Fig. 5. The 
inputs are three-phase voltages, which are transformed into 
their d-q references frame as a function of the angle .PLL A 

PI controller is provided to ensure that the voltage on the q-
axis is zero [28].  

 
Fig. 5. PLL Block Diagram 

C. Maximum Power Point Tracking (MPPT) 

In this research, the external loop is not considered to 
control the power, but the relationship between the machine's 
rotational speed and the active power, defined by (16), is 

considered. Where,
mP  is the active power generated (Fig. 

1),
r is the rotational mechanical speed of the generator, 

which is measured in rpm and optK  is a constant that depends 

on the sweep profile of the blades, wind density and others. 

3

m opt rP K =  (16) 

D. DC-link voltage controller Design 

A first-order model describes the dynamics associated 

with the DC-link's capacitor [29]. It should be considered 

that DC-link voltage equation (
dcv ) showed in [29] is 

expressed in per unit (pu). For this research real values are 

used. Where, (17) represents the dynamics of the DC-Link, 

MSCP  and 
GSCP  are the active power in MSC (18) and GSC 

(19) respectively.  

dc

dc MSC GSC

dv
Cv P P

dt
= −  (17) 

( )
3

2

MSC g MSC g

MSC d d q qP v i v i= +  (18) 

( )
3

2

GSC g GSC g

GSC d q q dP v i v i= −  (19) 

 

 Fig. 6a shows the control scheme for the voltage on the 
DC-link when it is implemented in the GSC. The objective 

control is to maintain the measured DC-link voltage ( dcv ) at 

the desired value 
* .dcv The voltage controller in the DC-link is 

defined by ,DC
DC

Ki
Kp

s
+ the output 

*g

di is the reference current 



for current control. Fig. 6b shows the implemented 

controllers for the MSC, where the MPPT output *m

di is the 

reference current for the current controller and 
e  is the 

machine frequency angular. 

 
(a) 

 
(b) 

Fig. 6. DC-link voltage control scheme on GSC (a) GSC (b) MSC. 

IV. DC-LINK VOLTAGE CONTROLLER DESIGN APPLIED TO 

MACHINE SIDE CONVERTER  

The same PI controllers obtained in Section III are 

considered for the DC-link control scheme on the machine 

side, the PI controllers of the DC-link voltage in MSC are 

added. As shown in Fig. 7, the set points of the current 

controllers *m

di and *g

di  are modified, where *m

di is defined by 

the voltage DC-link control. At the same time, *g

di is set by 

the MPPT. In contrast to the control architecture in Fig 6, 

the DC-link voltage control is implemented in MSC, as 

shown in Fig. 8. 

 

 

Fig. 7. General diagram for DC-link voltage control on MSC. 

 
(a) 

 
(b) 

Fig. 8. DC-link voltage control scheme on MSC (a) GSC (b) MSC 

V. RESULTS 

The model for a PMSG with its control systems 
presented in previous sections are implemented in 
MATLAB/Simulink to perform time domain simulations. 
The bandwidths for current and DC voltage control are 
628.32 rad/s and 10 rad/s respectively. The system 
parameters and control gains are shown in Table I.   

TABLE I. SYSTEM PARAMETERS AND CONTROLLER GAINS 

 

Description Parameters Values 

Grid phase voltage 

(peak value) 
g

abcv  400v  

Grid frequency gf  60 Hz  

Resistor (Filter) R  0.25  

Inductante (Filter) L  0.007 H  

DC-link voltage dcV  1200v  

Machine Constant optK  0,0001778 

DC-link capacitor C  0.001 F  

Current control ( , )i iKp Ki  (4.398,157.079)  

PLL control ( , )PLL PLLKp Ki  (125.66, 394784.176)  

DC-link control ( , )DC DCKp Ki  (3.22,126.4)  

 

This section evaluates the performance of the two DC-

link voltage control architectures. In the first architecture the 

control is performed in the GSC (see Fig. 2) and the second 

one is when the control is implemented in the MSC (See 

Figure 7). 
Two changes in angular velocity are applied 

( 400r rpm = and 500r rpm = ) to the two architectures, 

representing changes in wind speed. Fig. 9 and Fig. 10, 
shows the performance of the machine side and grid side 
currents when DC-link voltage control on GSC and on MSC, 
respectively.  

 

Fig. 9. Machine and generator current when DC-link voltage control on 
GSC. 

The grid side d-q references frame currents ( ),g g

d qi i have 

similar performance in both cases, they do not present 
overshoot. On the other hand, the machine-side d-q 

currents ( ),m m

d qi i are adequately controlled. However, the 

m

di current presents an overshoot of 4.97% (see Fig. 10).  



 

Fig. 10. Machine and generator current when DC-link voltage control 
on MSC. 

Thus, the machine-side current control in d- reference 
frame shows better performance when the DC-link voltage is 
implemented in GSC. 

 Fig. 11 shows the performance of the DC-link voltage 
controllers, and it can be observed that when the wind 
change occurs in both architecture the voltage stabilizes at 
the Set Point (SP) of 1200V. The DC-link voltage when the 
control is on GSC has a 0.000225% of overshoot and 
0.000225% of overshoot when the control is on MSC. These 
values are very small. 

 
                                       (a)                                                     (b) 

Fig. 11. DC-link voltage control. (a) DC-link voltage control on GSC (b) 

DC-link voltage control on MSC. 
 

 Fig. 12, shows the power supplied to the grid at the PCC 
for the two architectures. It can be seen that when the voltage 
of DC-link is controlled in MSC, the active power is greater 
than that obtained from the DC-link voltage control 
architecture in GSC, because the MPPT extracts all the 
power from the generator and defines the current set point 

( *g

di ) of the GSC. Less active power is available when the 

voltage of DC-link control is in GSC since because the DC-
link control gives the current, it is important to consider that 
the DC-link dynamic is directly related to the power in MSC 
as shown in (18). 

 

Fig. 12. Active Power on PCC 

 

In addition, a grid failure (50% reduction of  g

abcv ) was 

simulated for a time t=0.1 s in order to test the robustness of 

the controllers. The voltage at g

abcv is shown in Fig. 13.  

 
Fig. 13. 50% reduction in grid voltage ( )g

abcv . 

 

 Fig. 14 and Fig. 15, shows the performance of the 
controllers against a voltage drop in the grid. When the DC-
link voltage control is in GSC (Fig. 14), it can be observed 

that the current g

di increases its value during the voltage drop 

to compensate for the power loss in the PCC, the other 

currents ( , , )g m m

q d di i i are maintained at their set point value. On 

the other hand, when the DC-link voltage control is in MSC 

(Fig. 15), it is observed that the current m

di reduces its value, 

this is because at the moment the fault occurs, the power in 
PCC reduces its value, therefore, the  control objective of 
MSC is only  to supply the necessary power to the grid, the 

other currents ( , , )g g m

d q qi i i maintain their set point value at the 

moment the fault occurs.  

 
Fig. 14. d-q current control when a voltage drop occurs in the grid (DC-link 

voltage control on GSC). 

 
Fig. 15. d-q current control when a voltage drop occurs in the grid (DC-link 

voltage control on MSC). 



 Fig. 16 shows the performance of the DC-link voltage 
controllers, and it can be observed that when the disturbance 
in the grid occurs in both architecture the voltage stabilizes at 
the Set Point (SP) of 1200V. The DC-link voltage when the 
control is on GSC has a 0.000242% of overshoot and 
0.000225%. of overshoot when the control is on MSC (Fig. 
16b). These values are very small. 

 

Fig. 16. DC-link voltage control when a voltage drop occurs in the grid. (a) 
DC-link voltage control on GSC (b) DC-link voltage control on MSC. 

  Fig. 17 shows the power at PCC, where it can be seen 
that the generator recovers after eliminating the voltage drop 

Global Electricity Review 2022 in the grid. The active power is still 
higher when the DC-link voltage is controlled at MSC, but at 

the fault instant it tends to be lower because the current *g

di is 

maintained at a set point given by the MPPT (Fig. 15), then 

the power at PCC depends directly on .PCC

dv On the other 

hand, when the DC-link voltage is controlled at GSC, at the 
fault instant there is less power loss at PCC, since the current 

*g

di is given by the DC-link voltage control, which controls 

immediately (Fig. 16 a) and does not allow considerable 

losses in the current .g

di  

 
Fig. 17. Active power on PCC applying a disturbance in the grid. 

VI. CONCLUSIONS 

 In this research, two DC-link voltage control 
architectures are implemented and compared by time domain  
simulations. The first was designed in GSC, and the second 
was designed in MSC. The comparison between the two 
architectures shows that when the DC-link voltage is 
controlled in MSC, more power is obtained in PCC than 
when it is controlled in GSC. This is because the MPPT 
sends the reference current directly to the GSC, so power 
losses that exist in MSC are not considered. Less power is 
obtained when the DC-link voltage is controlled at GSC 
because power losses at MSC and GSC are considered. 
Therefore, it is proposed to control the voltage DC-link from 
MSC to use wind energy better. 

The voltage in the DC-link is maintained at the setpoint 
in both architectures when there are wind variations. The 
DC-link voltage shows a negligible overshoot when the 
control is implemented in GSC, likewise, when the control is 
implemented in MSC the DC-link voltage shows an 
undershoot. On the other hand, when there are faults in the 
grid, the control architectures manage to control themselves 

against this problem, presenting an overshoot of 0.000225% 
and 0.000166% when the DC-link voltage is controlled from 
the GSC and MSC, respectively. 

Finally, it is verified that the two control architectures are 
stable since the current and voltage controllers respond 
correctly when wind variations occur at the input and grid 
faults occur. In the two architectures, good performance of 
the DC-link voltage is shown. 

In future work, it is proposed to model the grid in more 
detail and design robust controls against weak bars 
(impedance in the grid). In addition, the wind turbine will 
design and implement pitch angle control.   
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