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Abstract: Here the design of a controller for grid connection of a Wind Energy Conversion System based in a 

Doubly Fed Induction Generator and Back-to-Back converter is described. For this purpose, a dc-bus pre-

charge is needed as such as a synchronization process which is achieved with the help of a Phase Locked 

Loop. Though grid connection is the main interest, nevertheless, the design of the controller for power 

generation mode is also described. The controllers for synchronization/connection mode and power 

generation mode are based on vector control using grid voltage as reference frame. It is highlighted that 

control structure for the Grid Side Converter of the Back-to-Back is the same for both operation modes; and 

that control structure for the Rotor Side Converter is different for every operation mode. Finally, simulations 

implemented in PSIM are carried out to evaluate the grid connection of a ½ HP Wind Energy Conversion 

System which is pretended to be used in the construction of a test rig. 
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1. INTRODUCTION 

A trend in grid connected Wind Energy Conversion Systems 

(WECS), is to use them as an active controllable component of 

the power electric system to carry out voltage/frequency 

control, active and reactive power regulation, and fast response 

during permanent and transient perturbations in the electrical 

grid. In this sense, grid synchronization/connection of WECS 

plays a key role. Grid connection is not a simple task given that 

it must meets some specifications in order to avoid electrical or 

electromagnetic negative effects in the main grid or in the 

WECS. The generic specifications for grid connection of 

WECS are that stator voltage must match the grid voltage in 

terms of magnitude, frequency, sequence and phase. Some of 

the most important negative effects of an inappropriate grid 

connection are the harmful values that reach the stator and rotor 

currents. Grid disconnection/connection of WECS may be due 

to factors like: insufficient wind turbine speed, long duration 

sags and permanent faults in the electrical grid. There exist 

many papers which deal with the problem of grid connection of 

WECS: Abo-khalil, A. G. et al. (2012); Chen, S. Z. et al. 

(2011); Cortajarena, J. et al. (2011); Guo, X.-Q. et al. (2011); 

Hu, J. et al. (2011); Zhan, L. et al. (2012); Zhang, Y. et al. 

(2011); the core of these proposals is a mechanism to estimate 

the electrical angle of grid voltage. In this paper, a Phase 

Locked Loop (PLL) based in grid voltage dq-components is 

used. Both GSC (Grid Side Converter) and RSC (Rotor Side 

Converter), of the Back-to-Back (B2B) converter, are 

controlled using vector control; here, contrary to many of the 

proposals, both GSC and RSC controllers are designed using 

grid voltage as reference frame. 

Fig. 1 shows the case study for this paper which is a WECS 

based on a Doubly Fed Induction Generator (DFIG) and a B2B. 

In the B2B, the RSC controls the magnitude and frequency of 

stator voltage in the synchronization/connection mode and the 

active and reactive power from the WECS in the power 

generation mode. By the other side, the GSC controls the dc 

bus voltage and the reactive power transferred through the 

B2B. In this scheme it is also depicted the pre-charge 

subsystem used for the dc-bus. 

 

Fig. 1. Grid connected WECS based on DFIG and B2B. 

Assuming that the WECS is already rotating due to the energy 
supplied by the wind speed; then, the grid connection takes 
place according to the following procedure: 

1. Dc-bus pre-charge. Here, switch S1 is closed temporarily 

until dc-bus voltage reaches the maximum voltage supplied by 

the three-phase rectifier, which is fed from the grid.    

2. Initialization of GSC controller. Switch S2 is closed and GSC 

is turned on together with its respective controller where 

corresponding references 𝑉𝑑𝑐
∗  and 𝑄𝑔𝑠𝑐

∗  are set. 

3. Initialization of RSC controller. After a period of time, RSC 

is turned on together with its respective controller where power 

references are set to 𝑃𝑠
∗ = 0 and 𝑄𝑠

∗ = 0. 
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4. Grid Connection of WECS. After a period of time, switch S3 

is closed and the WECS turns to power generation mode where 

power references (𝑃𝑠
∗, 𝑄𝑠

∗) are redefined. 

In the following, the controllers design for power generation 

mode and synchronization/connection mode is described in 

Section 2 and 3, respectively. Section 4 shows simulation 

results in order to evaluate the performance of the proposed 

connection procedure. Finally, Section 5 gives conclusions. 

2. CONTROL FOR POWER GENERATION MODE 

In the power generation mode the interconnection of the WECS 

with the grid is assumed. In this context, the control objectives 

are: active and reactive power control by means of the RSC, 

and dc-bus voltage control and reactive power control of the 

converter by means of the GSC. In the following, the RSC and 

GSC controllers based in vector control will be described; both 

are designed using grid voltage as reference frame. It is 

important to note that once a WECS is connected with the grid, 

both grid and DFIG stator voltages are exactly the same. 

2.1 DFIG Model 

Let’s consider the dq dynamic model of the DFIG in a WECS 

given by the following equations, Abad, G. et al. (2011): 

𝑣𝑑𝑠 = 𝑟𝑠𝑖𝑑𝑠 − 𝜔𝑑𝜆𝑞𝑠 + �̇�𝑑𝑠

𝑣𝑞𝑠 = 𝑟𝑠𝑖𝑞𝑠 + 𝜔𝑑𝜆𝑑𝑠 + �̇�𝑞𝑠

𝑣𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 − 𝜔𝑠𝑙𝜆𝑞𝑟 + �̇�𝑑𝑟

𝑣𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 + 𝜔𝑠𝑙𝜆𝑑𝑟 + �̇�𝑞𝑟

𝜆𝑑𝑠 = (𝐿𝑙𝑠 +
3

2
𝐿𝑚𝑠) 𝑖𝑑𝑠 +

3

2
𝐿𝑚𝑠𝑖𝑑𝑟

𝜆𝑞𝑠 = (𝐿𝑙𝑠 +
3

2
𝐿𝑚𝑠) 𝑖𝑞𝑠 +

3

2
𝐿𝑚𝑠𝑖𝑞𝑟

𝜆𝑑𝑟 = (𝐿𝑙𝑟 +
3

2
𝐿𝑚𝑠) 𝑖𝑑𝑟 +

3

2
𝐿𝑚𝑠𝑖𝑑𝑠

𝜆𝑞𝑟 = (𝐿𝑙𝑟 +
3

2
𝐿𝑚𝑠) 𝑖𝑞𝑟 +

3

2
𝐿𝑚𝑠𝑖𝑞𝑠

                (1) 

where 𝜆 is the flux linkage, 𝑟𝑠 is the stator resistance, 𝑟𝑟  is the 

rotor resistance, 𝐿𝑙𝑠 is the stator inductance, 𝐿𝑙𝑟  is the rotor 

inductance, 𝐿𝑚𝑠 is the mutual inductance, 𝜔𝑑 is the angular 

speed of the reference frame and 𝜔𝑠𝑙  is the slip speed given by 

𝜔𝑠𝑙 = 𝜔𝑑 − 𝜔𝑟 (𝜔𝑟 is the rotor speed). 

2.2 GSC-Filter Model 

The subsystem made up by: dc-bus, GSC and filter (see Fig. 1), 

can be modelled in the dq reference frame as follows 

𝑣𝑑𝑠 = 𝑅𝑖𝑑𝑓 + 𝐿
𝑑𝑖𝑑𝑓

𝑑𝑡
− 𝜔𝑑𝐿𝑖𝑞𝑓 + 𝑣𝑑1

𝑣𝑞𝑠 = 𝑅𝑖𝑞𝑓 + 𝐿
𝑑𝑖𝑞𝑓

𝑑𝑡
+ 𝜔𝑑𝐿𝑖𝑑𝑓 + 𝑣𝑞1

               (2) 

𝑖𝑜𝑠 = 𝑖𝑜𝑟 + 𝑖𝑐 → 𝐶
𝑑𝑉𝑑𝑐

𝑑𝑡
= 𝑖𝑜𝑠 − 𝑖𝑜𝑟              (3) 

where 𝑅 and L are the series resistance and inductance of the 

inductive filter, 𝑖𝑓 is the filter current, 𝑣1 is the voltage between 

the GSC and the filter, 𝑖𝑜𝑠 is the current flowing from the GSC 

to the dc-bus, 𝑖𝑜𝑟  is the current flowing from the RSC to the dc-

bus, 𝑖𝑐 is the dc-bus current, and 𝑉𝑑𝑐 is dc-bus voltage. 

2.3 Reference frame angular speed estimation using a PLL 

Note that (1) and (2) are dq equations obtained from the 

transformation KT(θd):fabc→fdq, where 𝜃𝑑 needs to be estimated. 

Here, given that grid voltage is the reference frame, a PLL 

(Phase Locked Loop) is proposed to estimate 𝜃𝑑, see Fig. 2. 

 

Fig. 2. PLL based angle estimation of the reference frame. 

Given that grid voltage is selected as reference frame and that 

grid voltage is oriented along the d-component; then, q-

component must be zero. So, 𝑣𝑞𝑔 is viewed as an error signal 

by the PI controller, which generates, together with the 

integrator, the appropriate value of 𝜃𝑑 which is fed back to the 

transformation KT(θd) in order to do 𝑣𝑞𝑔 = 0. 

2.4 GSC Controller in the Power Generation Mode 

GSC control objectives are: dc bus voltage regulation and 

converter reactive power control. First, let’s consider the GSC 

active and reactive power given in terms of dq signals, 

𝑃𝑔𝑠𝑐 =
3

2
(𝑣𝑑𝑠𝑖𝑑𝑓 + 𝑣𝑞𝑠𝑖𝑞𝑓)

𝑄𝑔𝑠𝑐 =
3

2
(𝑣𝑞𝑠𝑖𝑑𝑓 − 𝑣𝑑𝑠𝑖𝑞𝑓)

                       (4) 

Assuming a negligible power loss through the inductive filter, 

the dc-bus active power results in 

𝑃𝑏𝑢𝑠 = 𝑉𝑑𝑐𝑖𝑐 ≡
3

2
(𝑣𝑑𝑠𝑖𝑑𝑓 + 𝑣𝑞𝑠𝑖𝑞𝑓)                 (5) 

Given that the reference frame is the grid voltage, which in 

turns is equal to the stator voltage in the power generation 

mode, then 𝑣𝑞𝑠 = 0 and (5) results in 

𝑉𝑑𝑐𝑖𝑐 =
3

2
𝑣𝑑𝑠𝑖𝑑𝑓                                (6) 

According with Holmes, D. G. et al. (2003), 

𝑣𝑑𝑠 =
𝑚1

2√2
𝑉𝑑𝑐                                  (7) 

where m1 is the PWM modulation index for the GSC. 

Substituting (7) in (6) and solving for ic, results 

𝑖𝑐 =
3

4√2
𝑚1𝑖𝑑𝑓                                 (8) 

Matching (8) and (3), results 

𝐶
𝑑𝑉𝑑𝑐

𝑑𝑡
=

3

4√2
𝑚1𝑖𝑑𝑓                               (9) 
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which is the equation useful to design a PI controller to regulate 

the dc bus voltage by means of 𝑖𝑑𝑓 . 

Additionally, according to the above described (𝑣𝑑𝑠 = 𝑣𝑠, 

𝑣𝑞𝑠 = 0), equations given in (2) result in 

𝑣𝑑1
∗ = −𝑣𝑑𝑠1 + (𝜔𝑑𝐿𝑖𝑞𝑓 + 𝑣𝑑𝑠)

𝑣𝑞1
∗ = −𝑣𝑞𝑠1 − (𝜔𝑑𝐿𝑖𝑑𝑓)

                  (10) 

The terms in parenthesis are compensation components and 

𝑣𝑑𝑠1 = 𝑅𝑖𝑑𝑓 + 𝐿
𝑑𝑖𝑑𝑓

𝑑𝑡
  ,  𝑣𝑞𝑠1 = 𝑅𝑖𝑞𝑓 + 𝐿

𝑑𝑖𝑞𝑓

𝑑𝑡
         (11) 

These equations are decoupled linear equations useful to design 

PI controllers which will generate corresponding control 

actions 𝑣𝑑𝑠1 and 𝑣𝑞𝑠1, these control actions in turn are useful to 

compute by means of (10), the modulation signals 𝑣𝑑1
∗  and 𝑣𝑞1

∗ , 

for GSC. The PI controller, resulting from the left equation in 

(11), is an internal loop for the PI controller resulting from (9) 

which is an external loop to regulate the dc-bus voltage. The PI 

controller resulting from the right equation in (11), is useful to 

control the reactive power of the GSC, where the reference 

signal 𝑖𝑞𝑓
∗  results from the second equation in (4) and under the 

consideration of 𝑣𝑞𝑠 = 0 (given the selected reference frame), 

and is given as follows 

𝑖𝑞𝑓
∗ = −

2

3𝑣𝑑𝑠

𝑄𝑔𝑠𝑐
∗  

2.5 RSC Controller in the Power Generation Mode 

In this mode, the control objectives of the RSC are: active and 

reactive power control flowing between DFIG and the electrical 

grid. Here, grid voltage is also selected as the reference frame 

and grid voltage is equal to the stator voltage. Under this 

scenario and assuming that voltage drop in the stator resistance 

is negligible and that stator flux linkages are constant, the stator 

voltage equations given in (1) results in 

𝑣𝑑𝑠 = 𝑣𝑠 = −𝜔𝑑𝜆𝑞𝑠   →    𝜆𝑞𝑠 = −
𝑣𝑠

𝜔𝑑
 

0 = 𝜔𝑑𝜆𝑑𝑠    →   𝜆𝑑𝑠 = 0 
            (12) 

On the other hand, substituting the rotor flux linkages in the 

rotor voltage equations 

𝑣𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 − 𝜔𝑠𝑙𝐿𝑟𝑖𝑞𝑟 − 𝜔𝑠𝑙𝐿𝑚𝑖𝑞𝑠 + 𝐿𝑟

𝑑𝑖𝑑𝑟

𝑑𝑡
+ 𝐿𝑚

𝑑𝑖𝑑𝑠

𝑑𝑡

𝑣𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 + 𝜔𝑠𝑙𝐿𝑟𝑖𝑑𝑟 + 𝜔𝑠𝑙𝐿𝑚𝑖𝑑𝑠 + 𝐿𝑟

𝑑𝑖𝑞𝑟

𝑑𝑡
+ 𝐿𝑚

𝑑𝑖𝑞𝑠

𝑑𝑡

 

where, 𝐿𝑠 = 𝐿𝑙𝑠 +
3

2
𝐿𝑚𝑠, 𝐿𝑟 = 𝐿𝑙𝑟 +

3

2
𝐿𝑚𝑠 and 𝐿𝑚 =

3

2
𝐿𝑚𝑠. 

Solving for 𝑖𝑑𝑠 and for 𝑖𝑞𝑠 from the stator flux linkages 

equations given in (1), and according to (12), results 

𝑖𝑑𝑠 = −
𝐿𝑚

𝐿𝑠
𝑖𝑑𝑟    ,   𝑖𝑞𝑠 =

𝜆𝑞𝑠−𝐿𝑚𝑖𝑞𝑟

𝐿𝑠
                 (13) 

Substituting (13) in the previous rotor voltage equations and 

organizing, results 

𝑣𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 + 𝜎𝐿𝑟
𝑑𝑖𝑑𝑟

𝑑𝑡
− 𝜔𝑠𝑙𝜎𝐿𝑟𝑖𝑞𝑟 − 𝜔𝑠𝑙

𝐿𝑚

𝐿𝑠
𝜆𝑞𝑠

𝑣𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 + 𝜎𝐿𝑟
𝑑𝑖𝑞𝑟

𝑑𝑡
+ 𝜔𝑠𝑙𝜎𝐿𝑟𝑖𝑑𝑟

    (14) 

where  𝜎 = 1 −
𝐿𝑚

2

𝐿𝑟𝐿𝑠
 .  

Assuming that the last term in 𝑣𝑑𝑟  is negligible and for the 

purpose of getting modulation signals 𝑣𝑑𝑟
∗  and 𝑣𝑞𝑟

∗ , for RSC, 

(14) is rewritten as follows 

𝑣𝑑𝑟
∗ = 𝑣𝑑𝑟1 − (𝜔𝑠𝑙𝜎𝐿𝑟𝑖𝑞𝑟)

𝑣𝑞𝑟
∗ = 𝑣𝑞𝑟1 + (𝜔𝑠𝑙𝜎𝐿𝑟𝑖𝑑𝑟)

                       (15) 

where the terms in parenthesis are compensation components 

and 

𝑣𝑑𝑟1 = 𝑟𝑟𝑖𝑑𝑟 + 𝜎𝐿𝑟
𝑑𝑖𝑑𝑟

𝑑𝑡
   ,   𝑣𝑞𝑟1 = 𝑟𝑟𝑖𝑞𝑟 + 𝜎𝐿𝑟

𝑑𝑖𝑞𝑟

𝑑𝑡
      (16) 

This is a set of decoupled linear equations useful to design PI 

controllers which will generate corresponding control actions 

𝑣𝑑𝑟1 and 𝑣𝑞𝑟1. The PI controller, resulting from the left 

equation in (16), is part of a current control loop to control the 

reactive power in the stator (𝑄𝑠) by means of 𝑖𝑑𝑟; on the other 

hand, the PI controller, resulting from the right equation in (16), 

is part of a current control loop to control the active power in 

the stator (𝑃𝑆) by means of 𝑖𝑞𝑟 .  

To compute the reference signals, let’s consider the stator 

active and reactive power given in terms of dq signals, 

𝑃𝑠 =
3

2
(𝑣𝑑𝑠𝑖𝑑𝑠 + 𝑣𝑞𝑠𝑖𝑞𝑠)

𝑄𝑠 =
3

2
(𝑣𝑞𝑠𝑖𝑑𝑠 − 𝑣𝑑𝑠𝑖𝑞𝑠)

                       (17) 

Substituting (12) and (13) in (17), it results 

𝑃𝑠 = −
3𝐿𝑚

2𝐿𝑠

𝑣𝑑𝑠𝑖𝑑𝑟

𝑄𝑠 =
3𝑣𝑑𝑠

2

2𝜔𝑑𝐿𝑠

+
3𝑣𝑑𝑠𝐿𝑚

2𝐿𝑠

𝑖𝑞𝑟

 

where current reference signals can be obtained from stator 

active and reactive power reference values  

𝑖𝑑𝑟
∗ = −

2𝐿𝑠

3𝐿𝑚𝑣𝑑𝑠

𝑃𝑠
∗

𝑖𝑞𝑟
∗ = −

𝑣𝑑𝑠

𝜔𝑑𝐿𝑚

+
2𝐿𝑠

3𝐿𝑚𝑣𝑑𝑠

𝑄𝑠
∗

 

3. CONTROL FOR SYNCHRONIZATION/CONNECTION 

MODE 

As it was stated above, the synchronization/connection 

procedure implies the following stages: dc-bus pre-charge, 

synchronization of GSC with grid voltage – GSC controller; 

synchronization of voltage stator with the grid – RSC 

controller. Here, the control of the two last stages is also based 
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in vector control, where given the purpose of the procedure, the 

naturally used reference frame is grid voltage. 

3.1 GSC Controller in the Synchronization/Connection Mode 

In this mode, the control objectives of the GSC are also: dc bus 

voltage regulation and GSC reactive power control. The design 

for the controller is the same as that described in Section 2.4, 

nevertheless, in the whole design procedure the grid voltage is 

explicitly used. In this sense, the GSC active and reactive 

powers given in terms of dq signals are, 

𝑃𝑔𝑠𝑐 =
3

2
(𝑣𝑑𝑔𝑖𝑑𝑓 + 𝑣𝑞𝑔𝑖𝑞𝑓)

𝑄𝑔𝑠𝑐 =
3

2
(𝑣𝑞𝑔𝑖𝑑𝑓 − 𝑣𝑑𝑔𝑖𝑞𝑓)

                     (18) 

and the equation useful to design a PI controller to regulate the 

dc bus voltage by means of 𝑖𝑑𝑓 is 

𝐶
𝑑𝑉𝑑𝑐

𝑑𝑡
=

3

4√2
𝑚1𝑖𝑑𝑓                             (19) 

Additionally, given the used reference frame: 𝑣𝑑𝑔 = 𝑣𝑔, 

𝑣𝑞𝑔 = 0, then equations given in (2) results in 

𝑣𝑑1
∗ = −𝑣𝑑𝑠1 + (𝜔𝑑𝐿𝑖𝑞𝑓 + 𝑣𝑑𝑔)

𝑣𝑞1
∗ = −𝑣𝑞𝑠1 − (𝜔𝑑𝐿𝑖𝑑𝑓)

                  (20) 

which will provide the modulation signals for the PWM 

associated to GSC and where 

𝑣𝑑𝑠1 = 𝑅𝑖𝑑𝑓 + 𝐿
𝑑𝑖𝑑𝑓

𝑑𝑡
  ,  𝑣𝑞𝑠1 = 𝑅𝑖𝑞𝑓 + 𝐿

𝑑𝑖𝑞𝑓

𝑑𝑡
        (21) 

These equations are decoupled linear equations useful to design 

PI controllers which will generate corresponding control 

actions 𝑣𝑑𝑠1 and 𝑣𝑞𝑠1. The PI controller resulting from the left 

equation in (21) acts as an internal current control loop for the 

PI controller resulting from (19). The PI controller resulting 

from the right equation in (21) is part of a current control loop 

to control the reactive power in the GSC by means of 𝑖𝑞𝑓. The 

reference signal 𝑖𝑞𝑓
∗  results from the second equation in (18), 

considering that 𝑣𝑞𝑔 = 0, 

𝑖𝑞𝑓
∗ = −

2

3𝑣𝑑𝑔

𝑄𝑔𝑠𝑐
∗  

Note that the pair of equations [(9),(19)], [(10),(20)] and 

[(11),(21)], they all are exactly the same. So, the same structure 

and PI controllers, used in the GSC controller, are used for 

synchronization/connection mode and power generation mode. 

3.2 RSC Controller in the Synchronization/Connection Mode 

In this mode, the RSC controller is also designed using the grid 

voltage as the reference frame. An important fact in this mode 

is that no current flows between the DFIG stator and the grid, 

so, stator current is zero. In this sense, there exists no voltage 

drop across the stator resistance and given that stator flux 

linkages are basically constant, then the stator voltage equations 

given in (1) results in 

𝑣𝑑𝑠 = 𝑣𝑔 = −𝜔𝑑𝜆𝑞𝑠   →    𝜆𝑞𝑠 = −
𝑣𝑔

𝜔𝑑
 

0 = 𝜔𝑑𝜆𝑑𝑠    →   𝜆𝑑𝑠 = 0 
              (22) 

On the other hand, substituting the rotor flux linkages in the 

rotor voltage equations given in (1), and under the fact of zero 

stator current, it results  

𝑣𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 − 𝜔𝑠𝑙𝐿𝑟𝑖𝑞𝑟 + 𝐿𝑟
𝑑𝑖𝑑𝑟

𝑑𝑡

𝑣𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 + 𝜔𝑠𝑙𝐿𝑟𝑖𝑑𝑟 + 𝐿𝑟
𝑑𝑖𝑞𝑟

𝑑𝑡

                   (23) 

For the purpose of getting modulation signals 𝑣𝑑𝑟
∗  and 𝑣𝑞𝑟

∗ , for 

RSC, (23) is rewritten as follows 

𝑣𝑑𝑟
∗ = 𝑣𝑑𝑟1 − (𝜔𝑠𝑙𝐿𝑟𝑖𝑞𝑟)

𝑣𝑞𝑟
∗ = 𝑣𝑞𝑟1 + (𝜔𝑠𝑙𝐿𝑟𝑖𝑑𝑟)

                        (24) 

the terms in parenthesis are compensation components and 

𝑣𝑑𝑟1 = 𝑟𝑟𝑖𝑑𝑟 + 𝐿𝑟
𝑑𝑖𝑑𝑟

𝑑𝑡
   ,   𝑣𝑞𝑟1 = 𝑟𝑟𝑖𝑞𝑟 + 𝐿𝑟

𝑑𝑖𝑞𝑟

𝑑𝑡
      (25) 

This set of linear equations is useful to design PI controllers 

which will generate corresponding control actions 𝑣𝑑𝑟1 and 

𝑣𝑞𝑟1. The PI controller resulting from the left equation in (25) 

is part of a current control loop to “control the reactive power 

in the stator (𝑄𝑠)” by means of 𝑖𝑑𝑟; and PI controller resulting 

from the right equation in (25) is part of a current control loop 

to “control the active power in the stator (𝑃𝑆)” by means of 𝑖𝑞𝑟 . 

These control objectives have been written between quotation 

marks because in the synchronization mode the active and 

reactive power, flowing from the DFIG stator and the grid, they 

both must be zero. 

In this sense, with regard to the current reference signals, these 

are computed as follows. In general, stator active and reactive 

power in terms of dq signals is given by (17). On the other 

hand, solving for 𝑖𝑑𝑠 and for 𝑖𝑞𝑠 from the stator flux linkages 

equations given in (1) and according to (22), results 

𝑖𝑑𝑠 = −
𝐿𝑚

𝐿𝑠
𝑖𝑑𝑟    ,   𝑖𝑞𝑠 =

𝜆𝑞𝑠−𝐿𝑚𝑖𝑞𝑟

𝐿𝑠
                  (26) 

Substituting (22) and (26) in (17) results 

𝑃𝑠 = −
3𝐿𝑚

2𝐿𝑠

𝑣𝑑𝑔𝑖𝑑𝑟

𝑄𝑠 =
3𝑣𝑑𝑔

2

2𝜔𝑑𝐿𝑠

+
3𝑣𝑑𝑔𝐿𝑚

2𝐿𝑠

𝑖𝑞𝑟

 

where current reference signals can be obtained for given 

reference values for the stator active and reactive power 

𝑖𝑑𝑟
∗ = −

2𝐿𝑠

3𝐿𝑚𝑣𝑑𝑔
𝑃𝑠

∗

𝑖𝑞𝑟
∗ = −

𝑣𝑑𝑔

𝜔𝑑𝐿𝑚
+

2𝐿𝑠

3𝐿𝑚𝑣𝑑𝑔
𝑄𝑠

∗
                      (27) 
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In the case of synchronization/connection mode, 𝑃𝑠
∗ = 0 and 

𝑄𝑠
∗ = 0, then (27) results in 

𝑖𝑑𝑟
∗ = 0

𝑖𝑞𝑟
∗ = −

𝑣𝑑𝑔

𝜔𝑑𝐿𝑚

                               (28) 

Both RSC controllers (synchronization/connection mode and 

power generation mode) have the same structure; nevertheless, 

the differences between both are: 

  PIs for the current control loops are different (compare (16) 

with (25)), the dynamic of the rotor current in 

synchronization/connection mode is slower than in power 

generation mode. 

 Compensation terms are different (compare (15) with (24)). 

 The rotor current references depend on the desired stator 

active and reactive power. 

It is important to note that any controller (GSC or RSC), 

specifies explicitly the frequency and magnitude of stator 

voltage as control objectives, taking into account that these 

parameters must be guaranteed in order to get a safe WECS 

interconnection (closing switch S3). However, the parameters of 

frequency and magnitude of the stator voltage are implicitly got 

by means of the PLL (see Fig. 2), where the angle and speed of 

the voltage grid is effectively estimated; additionally, the stator 

voltage magnitude is assured by means of a good 𝑖𝑞𝑟  control 

(28), given that the magnetizing current will yield an induced 

stator voltage with magnitude 𝑣𝑠 = 𝑣𝑑𝑔 = 𝑣𝑔.  

Fig. 3 shows the complete structure for controlling the WECS 

in both operation modes. In the RSC controller, position “1” 

corresponds to synchronization/connection mode and position 

“2” corresponds to generation mode. As it can be seen, the GSC 

control structure is exactly the same for both operation modes, 

while the RSC control structure has different PIs and 

compensation components for every operation mode. 

 Table 1. System specifications. 

DFIG Specifications 

P = 1/2 HP, Vsf-f(rms) = 42 V, nsyn = 3600 rpm. 

p = 2, 𝐽 = 0.00336 Nms2 rad⁄ , 𝐵 = 0.01 Nms rad⁄ . 

rs = 0.34 Ω, rr = 0.31 Ω, Lls = Llr = 1.19 mH, Lms = 38.62 mH. 

Back-to-Back Specifications 

Vdc = 80 V, C = 470 μF, fsw = 6 kHz, R = 2 Ω, L = 11 mH. 

PIs 

PI(idr-syn): P = 0.52, I = 8.84. PI(iqr-syn): P = 0.52, I = 8.84. 

PI(idr-gen): P = 0.02, I = 23.74. PI(iqr-gen): P = 0.02, I = 23.74. 

PI(idf): P = 5, I = 10. PI(iqf): P = 5, I = 10. 

PI(Vdc): P = 0.1, I = 0.05. 

 

Fig. 3. Control scheme for synchronization/connection mode 

and power generation mode. 

4. SIMULATION RESULTS 

The WECS is based in a DFIG and a Back-to-Back converter. 

Dc-bus pre-charge is made up of a full bridge three-phase diode 

rectifier and a 10 Ω pre-charge resistor (Rch). Parameters of 

DFIG, Back-to-Back converter and PIs are given in Table 1. 

The system is simulated in PSIM. In Fig. 4 the reference frame 

angle estimation, �̂�𝑑 is shown. For the test, the PLL is 

initialized in �̂�𝑑= 0 and the grid voltage vector is initialized in 

𝜃𝑔 = 4.7𝑟𝑎𝑑𝑠. As it can be seen 𝑣𝑞𝑔 tends to zero, which 

means that the PLL converges to the real angle, see Fig. 2. The 

convergence time is about a period of the grid voltage.  

 

Fig. 4. (Upper) Grid voltage in abc frame; (Middle) Grid 

voltaje in dq frame; (Lower) Estimation of �̂�𝑑 =  �̂�𝑔, by means 

of the PLL. 
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In the following, some tests for grid connection are carried out 

intentionally with synchronization errors. Fig. 5 shows the 

effect of an inappropriate synchronization in terms of error in 

magnitude between grid voltage and the stator voltage. Fig. 6 

shows a similar scenario, but with error in phase between grid 

voltage and stator voltage. As it can be seen, the effect of phase 

errors is more severe than that of errors in magnitude; this is 

with regard to the peak values that reach the stator currents 

during the connection transient. 

 

Fig. 5. Stator current during grid connection with a 

synchronization amplitude error of 50%. 

 

Fig. 6. Stator current during grid connection with a 

synchronization phase error of 50%. 

Finally, Fig. 7 shows the synchronization/connection mode 

controller performance. The upper graph of Fig. 7 shows how 

the controller is able to drive stator voltage to values basically 

equal to those of grid voltage, in terms of magnitude and 

frequency. Here, the transient of stator currents is negligible 

which means that grid connection of the WECS is soft. 

 

Fig. 7. Stator current during grid connection by means of the 

synchronization/connection mode controller. 

 

5. CONCLUSIONS 

This paper has analysed the design of GSC and RSC controllers 

for a WECS operating in two modes: power generation mode 

and synchronization/connection mode. The analysis shows that 

the GSC controllers for both modes is the same; and that RSC 

controllers in both operation modes have the same structure but 

with some differences, which leads to the need of selecting 

corresponding PIs and compensation terms for every operation 

mode. In terms of the mechanism to carry out the grid 

connection of this kind of WECS (based in DFIG and B2B), it 

has been shown the need of carrying out a good connection by 

means of an appropriate synchronization/connection controller 

in order to avoid harmful stator currents in the WECS. The 

proposed synchronization/connection controller, based in 

vector control designed in the grid voltage reference frame and 

the use of a SR-PLL (synchronous reference – PLL) has shown 

a good performance. 

REFERENCES 

Abad, G., López, J., Rodríguez, M. A., Marroyo, L., and 

Iwanski, G. (2011). Doubly fed induction machine, 

modeling and control for wind energy generation. John 

Wiley and Sons. 

Abo-khalil, A. G., Lee, D.-C., and Ryu, S.-P. (2012). 

Synchronization of dfig output voltage to utility grid in 

wind power system, Renewable Energy, 44. 

Chen, S. Z., Cheung, N. C., Zhang, Y., Zhang, M., and Tang, 

X. M. (2011). Improved grid synchronization control of 

doubly grid voltage. IEEE Transactions on Energy 

Conversion, 26(3), pp. 799–810. 

Cortajarena, J., De Marcos, J., Alvarez, P., Vicandi, F., and 

Alkorta, P. (2011). Start up and control of a dfig wind 

turbine test rig. 37th Annual Conference of the IEEE 

Industrial Electronics Society, November, pp. 2030–2035. 

Guo, X.-Q., Wu, W.-Y., and Gu, H.-R. (2011). Phase locked 

loop and synchronization methods for grid-interfaced 

converters: a review. Przeglad Elektrotechniczny, 87(4). 

Holmes, D. G. and Lipo, T. A. (2003). Pulse width modulation 

for power converters, principles and practice. John Wiley 

and Sons. 

Hu, J., Zhu, J., Zhang, Y., Platt, G., Dorrell, D. G., and Ma, Q. 

(2011). Predictive direct control of doubly fed induction 

generator for grid synchronization in wind power 

generation. IEEE Energy Conversion Congress and 

Exposition (ECCE), pp. 2381–2388. 

Zhan, L., Jin, X., and Zhang, L. (2012). An improved grid 

synchronization control of doubly-fed induction generator.  

Asia-Pacific Power and Energy Engineering Conference, 

March, pp. 1–5. 

Zhang, Y., Li, Z., Xu, W., Hu, J., and Zhu, J. (2011). Grid 

synchronization of dfig using model predictive direct 

power control. IEEE International Conference on 

Electrical Machines and Systems (ICEMS). August. 

 

V
o

lt
s
 

A
m

p
e
rs

 
V

o
lt

s
 

A
m

p
e
rs

 
V

o
lt

s
 

A
m

p
e
rs

 

Congreso Nacional de Control
Automático, AMCA 2015,

Cuernavaca, Morelos, México.

506

 Octubre 14-16, 2015.


