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ABSTRACT: 

The Finite-Set Model Predictive Power Control (FS-PPC) is one of the most intriguing model predictive approaches for 

the induction machine. This control is successful because it operates without weight coefficients and does not require 

the rotor flux position, as in the Predictive Torque Control (FS-PTC) and the Predictive Current Control (FS-PCC), 

respectively. A simple extension to the double-star induction generator results in significant current harmonics and 

common mode voltage. To fix these issues, this paper proposes an improved FS-PPC applied to an asymmetric double-

star induction generator based wind energy conversion system by introducing two concepts: (a) the virtual voltage vector 

(VVV), in order to eliminate the (x, y) components of the stator currents. (b) the zero common mode voltage vectors 

(ZCMV), to eliminate the common mode voltage. A simulation of the developed ZCMV-FS-PPC system control is 

created in MATLAB/Simulink. The results show the effectiveness of this approach with CMV equal to zero and 

negligible (x, y) components of the stator currents. Moreover, the elimination of the CMV not only avoids its damage 

but also reduces the computation by 50%. 

 

KEYWORDS: Predictive Power Control; Virtual Voltage Vector; Zero Common Mode Voltage; Double-Star Induction 

Generator; Wind Energy Conversion System. 

  

1.  INTRODUCTION 

In the latest decade, Model Predictive Control 

(MPC) theory has emerged in electrical machines 

control. The newest control theory is capable of 

providing better flexibility and quicker dynamic 

response than traditional linear controllers [1]–[3]. The 

basic continuous set model predictive control (CS-MPC) 

suffers from high computation and complexity [4]. This 

problem has been fixed by the introduction of the Finite-

Set Model Predictive Control (FS-MPC), exploiting the 

discrete character of the inverter’s switching signal. This 

control is based on an online optimization of a cost 

function to determine the best voltage vector. Which is 

applied directly to the inverter without the need for 

modulation [5]. The most applied induction machine 

control is the predictive current control (FS-PCC) [6], 

[7] which is an excellent alternative to the classical 

Field-Oriented Control (FOC). This last one suffers from 

the linear inner current loop control. However, the FS-

PCC control still needs the rotor flux position. 

Therefore, researchers are oriented towards Predictive 

Torque Control (FS-PTC) [8]–[10] as an alternative to 

Direct Torque Control (DTC). This latter has the 

disadvantage of the hysteresis comparator, which causes 

large torque ripples. Nevertheless, the FS-PTC requires 

a complex weighting factor design for effective flux and 

torque control. Considering the shortcomings of FS-

PCC and FS-PTC, a better control approach that is 

unaffected by flux position and weighting factor design 

must be explored further. These qualities cited above are 

available in FS-PPC. 

The FS-PPC control technique relies on the 

prediction of future active and reactive power values, 

which allows it to be more flexible and to have a faster 

dynamic response. This control theory is more applied 

to the Double-Fed Induction Machine (DFIM), [11], 

[12] and in the Permanent Magnet Synchronous 

Generator (PMSG) control [13], [14]. Less study has 

been made on the induction generator because the 

coupling is strong between the rotor and stator flux [15], 
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[16]. In 2021, the authors in [15] propose a preliminary 

idea of an FS-PPC for a three phase induction machine. 

Later, in 2023, experimental verification was completed 

and its application was expanded see [17]. This approach 

is adopted for our application.  

A simple extension of the FS-PPC on the 

Asymmetric Dual Star Induction Generator (ADISG) 

causes high current harmonics on the (𝑥, 𝑦) subspace. 

Because the cost function of this approach excludes the 

(𝑥, 𝑦) current component. To overcome this problem, 

the virtual voltage vector (VVV) concept is integrated 

into the FS-PPC in this paper. 

The VVV provides simple and effective 
(𝑥, 𝑦) current component regulation without adding 

them to the cost function. This approach employs two 

voltage vectors, every simple period 𝑇𝑠, a large vector, 

and a medium-large vector, with the same direction in 

the (𝛼, 𝛽) subspace but opposite components direction 

in the (𝑥, 𝑦) subspace. To balance the difference in 

length, the large vector is applied for 0.27 𝑇𝑠 while the 

medium-large vector is used for 0.73 𝑇𝑠. In this case, the 

(𝑥, 𝑦) component is theoretically equal to zero. This 

technique has proven its effectiveness in both FS-PCC 

[18]–[20] and FS-PTC for multi-phase induction 

machines [21], [22]. However, this approach has not yet 

been applied to the FS-PPC. 

Moreover, the common mode voltage is another 

issue that can impair the ADSIG control performance, 

affecting both system stability and motor lifespan [23]–

[25]. To address this issue, the Common Mode Voltages 

(CMV) are eliminated by removing the VVV that causes 

it, which are 7 VVV. Thus, our FS-PPC control uses 

only 6 VVV, reducing the computation by half. 

The purpose of this study is the application and the 

adaptation of the FS-PPC control for the ADSIG wind 

energy conversion system described in Fig. 1, by making 

two improvements: (a) the virtual voltage vector; (b) 

zero common mode voltage. As a result the stator 

currents (𝑥, 𝑦) components are minimized, and the 

common mode voltages are eliminated, moreover the 

computation is reduced by 50%. 

The contributions of this article are detailed in the 

following objectives:  

- The minimization of the x, y currents using the 

VVV concept. 

- The elimination of the common mode voltages by 

removing the VVVs that cause them. 

To organize and accompany the reader in a 

successive reading process, this document is organized 

along the following lines: Section 2 presents the ADSIG 

mathematical model. Section 3 is devoted to the 

presentation of the conventional predictive power 

control principle and its limitations. Section 4 is 

dedicated to the suggested ZCMV-FS-PPC theory and 

its application for ADSIG control. The grid-side inverter 

control theory and the LCL filter design are presented in 

section 5. The last section covers the simulation results 

interpretation and the performance analysis of the 

studied system controlled by the proposed ZCMV-FS-

PPC control. 

 

2.  ASYMMETRIC DUAL STAR INDUCTION 

MACHINE MODELLING 

The machine used is made up of two identical 

windings in the stator, shifted by 30 degrees. The rotor 

is a squirrel cage, but for simplicity, it is referred to as a 

short-circuited three-phase winding [26], [27]. 

 

{
  
 

  
 𝑣𝑠1 = 𝑟𝑠1𝚤𝑠1 +

𝑑

𝑑𝑡
𝜑𝑠1

𝑣𝑠2 = 𝑟𝑠2𝚤𝑠2 +
𝑑

𝑑𝑡
𝜑𝑠2

𝑣𝑟 = 𝑟𝑟𝚤𝑟 +
𝑑

𝑑𝑡
𝜑𝑟 − 𝑗𝜔𝑟𝜑𝑟 = 0

                                (1)
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Fig. 1. ADSIG wind energy conversion system. 
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Where, 𝑟𝑠𝑥(𝑥 = 1,2); 𝑟𝑟: is the stator, rotor 

resistance; 𝜔𝑟: the rotor electrical angular speed. All the 

other symbols stand for their usual meanings. The stator 

and rotor flux linkages are expressed as follows [28]: 

{
 
 

 
 
𝜑𝑠1 = 𝐿𝑙𝑠1𝚤𝑠1 + 𝐿𝑚(𝚤𝑠1 + 𝚤𝑠2 + 𝚤𝑟)

𝜑𝑠1 = 𝐿𝑙𝑠2𝚤𝑠2 + 𝐿𝑚(𝚤𝑠1 + 𝚤𝑠2 + 𝚤𝑟)

𝜑𝑟 = 𝐿𝑙𝑟𝚤𝑟 + 𝐿𝑚(𝚤𝑠1 + 𝚤𝑠2 + 𝚤𝑟)

 (2) 

Typically, vector space decomposed voltages are 

used to investigate multiphase machines. After using the 

Clarke transformation [29], we obtain the ADSIM model 

in the (𝛼 − 𝛽 ; 𝑥 − 𝑦) subspace: 

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 𝑣𝛼𝑠 = 𝑟𝑠𝚤𝛼𝑠 +

𝑑

𝑑𝑡
𝜑𝛼𝑠

𝑣𝛽𝑠 = 𝑟𝑠𝚤𝛽𝑠 +
𝑑

𝑑𝑡
𝜑𝛽𝑠

𝑣𝑥𝑠 = 𝑟𝑠𝚤𝑥𝑠 +
𝑑

𝑑𝑡
𝜑𝑥𝑠

𝑣𝑦𝑠 = 𝑟𝑠𝚤𝑦𝑠 +
𝑑

𝑑𝑡
𝜑𝑦𝑠

𝑣𝛼𝑟 = 𝑟𝑟𝚤𝛼𝑟 +
𝑑

𝑑𝑡
𝜑𝛼𝑟 +𝜔𝑟𝜑𝛽𝑟 = 0

𝑣𝛽𝑟 = 𝑟𝑟𝚤𝛽𝑟 +
𝑑

𝑑𝑡
𝜑𝛽𝑟 − 𝜔𝑟𝜑𝛼𝑟 = 0

 (3) 

      Where, 𝑟𝑠;  𝑟𝑟: the stator, rotor resistance;  𝜔𝑟: the 

electrical angular speed of the rotor. All of the other 

symbols represent their regular meanings. The stator and 

rotor flux linkages are expressed as follows [30]: 

{
 
 
 
 
 

 
 
 
 
 
𝜑𝛼𝑠 = 𝐿𝑙𝑠𝚤𝛼𝑠 + 𝐿𝑚(𝚤𝛼𝑠 + 𝚤𝛼𝑟)

𝜑𝛽𝑠 = 𝐿𝑙𝑠𝚤𝛽𝑠 + 𝐿𝑚(𝚤𝛽𝑠 + 𝚤𝛽𝑟)

𝜑𝑥𝑠 = 𝐿𝑙𝑠𝚤𝑥𝑠

𝜑𝑦𝑠 = 𝐿𝑙𝑠𝚤𝑦𝑠

𝜑𝛼𝑟 = 𝐿𝑙𝑟𝚤𝛼𝑟 + 𝐿𝑚(𝚤𝛼𝑠 + 𝚤𝛼𝑟)

𝜑𝛽𝑟 = 𝐿𝑙𝑟𝚤𝛽𝑟 + 𝐿𝑚(𝚤𝛽𝑠 + 𝚤𝛽𝑟)

 (4) 

      Where, 𝐿𝑙𝑠 ; 𝐿𝑙𝑟: The stator, rotor leakage 

inductance, 𝐿𝑚: The magnetizing inductance.  

 

The electromagnetic torque is written as follows: 

𝑇𝑒𝑚 = 𝑃 𝐼𝑚{𝜑𝑠
∗ 𝚤𝑠} (5) 

The mechanical equation of the machine is defined 

as follows:   

𝑇𝑒𝑚 − 𝑇𝑔 = 𝐽
dΩ

dt
+ 𝑓Ω (6) 

 

3.  CONVENTIONAL MODEL PREDICTIVE 

POWER CONTROL 

This section introduces the basic concept and control 

structure of the conventional FS-PPC used in the ADSIG 

control. This control represents one of the most 

fascinating models of predictive control approaches. Its 

success is due to the fact that it operates without weight 

coefficients, unlike the FS-PTC, and does not require 

flux rotor position, as in the FS-PCC. 

The FS-PPC control is implemented in three steps: 

1- First, the stator and rotor flux values and the machine 

speed are estimated. 

 

2- In the second phase, the ADSIG active and reactive 

power and the stator flux value are predicted using the 

stator currents. The prediction is done using the forward 

Euler discretization of the continuous ADSIG model as 

illustrated in Equations 7-10. 

 

{

𝜑𝑠1
𝑝 (𝑘 + 1) = 𝜑𝑠1(𝑘) + 𝑇𝑠 𝑣𝑠1(𝑘) − 𝑇𝑠𝑟𝑠1 𝑖𝑠1(𝑘)

𝜑𝑠2
𝑝 (𝑘 + 1) = 𝜑𝑠2(𝑘) + 𝑇𝑠 𝑣𝑠2(𝑘) − 𝑇𝑠𝑟𝑠2 𝑖𝑠2(𝑘)

 (7) 

 

{
 
 
 

 
 
 

𝜄𝑠1
𝑝 (𝑘 + 1) = (1 − 𝑇𝑠/𝜏𝜎1) 𝜄𝑠1(𝑘) +

𝑇𝑠
𝑅𝜎1(𝜏𝜎1+𝑇𝑠)

[𝑘𝑟 (
1

𝜏𝑟
+ 𝑗𝜔𝑟(𝑘))𝜑𝑟(𝑘) + 𝑣𝑠1(𝑘)]

𝜄𝑠2
𝑝 (𝑘 + 1) = (1 − 𝑇𝑠/𝜏𝜎2) 𝜄𝑠2(𝑘) +

𝑇𝑠
𝑅𝜎2(𝜏𝜎2+𝑇𝑠)

[𝑘𝑟 (
1

𝜏𝑟
+ 𝑗𝜔𝑟(𝑘))𝜑𝑟(𝑘) + 𝑣𝑠2(𝑘)]

 (8) 

 

      Where,  𝑅𝜎𝑖 = 𝑅𝑠𝑖 + 𝑅𝑟𝑘𝑟
2 ;  𝜏𝜎𝑖 =

𝜎(𝐿𝑙𝑠𝑖+𝐿𝑚)

𝑅𝜎𝑖
;     

𝑘𝑟 =
𝐿𝑚

𝐿𝑟
  ; 𝜎𝑖 = 1 − (

𝐿𝑚
2

(𝐿𝑙𝑠𝑖+𝐿𝑚)𝐿𝑟
). With 𝑖 = 1; 2 

 

{

𝑃𝑒𝑚1
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘) 𝐼𝑚{𝜑𝑠1

∗ (𝑘 + 1) 𝜄𝑠1
𝑝

 
(𝑘 + 1)}

𝑃𝑒𝑚2
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘)  𝐼𝑚{𝜑𝑠2

∗ (𝑘 + 1) 𝜄𝑠2
𝑝

 
(𝑘 + 1)}

 (9) 
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{

𝑄𝑒𝑚1
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘)  𝑅𝑒{𝜑𝑠1

∗ (𝑘 + 1) 𝜄𝑠1
𝑝

 
(𝑘 + 1)}

𝑄𝑒𝑚2
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘)  𝑅𝑒{𝜑𝑠2

∗ (𝑘 + 1) 𝜄𝑠2
𝑝

 
(𝑘 + 1)}

 (10) 

 

3-The last step is the multi-objective optimization of the 

cost function 𝑔𝑖,(𝑖 = 1; 2) , to determine the VVV 

applied at each simple period Equation 11. 

 

{

𝑔1 = |𝑃𝑒𝑚1
∗ − 𝑃𝑒𝑚1

𝑝
| + |𝑄𝑒𝑚1

∗ − 𝑄𝑒𝑚1
𝑝

|

𝑔2 = |𝑃𝑒𝑚2
∗ − 𝑃𝑒𝑚2

𝑝
| + |𝑄𝑒𝑚2

∗ − 𝑄𝑒𝑚2
𝑝

|

 (11) 

 

To simplify the previous steps, a synoptic diagram is 

seen in Fig. 2. The active and reactive power reference 

values 𝑃𝑒𝑚1
∗ , 𝑃𝑒𝑚2

∗ , and 𝑄𝑒𝑚1
∗ , 𝑄𝑒𝑚2

∗  in the FS-PPC 

control provided by the external loops are: The speed 

regulation loop to assure the MPPT, and the rotor flux 

regulation loop respectively.  

 

4.  PROPOSED VIRTUAL VOLTAGE VECTORS 

PREDICTIVE POWER CONTROL 

A simple extension of the three phase FS-PPC 

approach to an ADISG results in substantial current 

harmonics.  

An adaptation is necessary by introducing the VVV 

concept in such a way as to assure power control and 

eliminate the(𝑥, 𝑦) components of the stator currents. 

Moreover, the common mode voltage can impair the 

ADSIG control performance, affecting both system 

stability and motor lifespan [23]–[25]. The following 

subtitles address the two issues. 

 

4.1.  Virtual Voltage Vectors 

With a two-level six-phase inverter, it is possible to 

apply 64 vectors to an ADSIG, 49 of which are different. 

These vectors are distributed as follows: 12 large 

vectors, 12 medium-large vectors, 12 medium vectors, 

12 small vectors, and one null vector. Each applied 

voltage vector will have one component in the (𝛼, 𝛽) 
subspace and another component in the (𝑥, 𝑦) subspace, 

see Fig. 3. To eliminate the (𝑥, 𝑦)  component, two 

voltage vectors are applied at each sample period 𝑇𝑠, a 

large vector, and a medium-large vector. These two 

vectors are chosen so that their two (𝑥, 𝑦) components 

opposite, for example, 𝑉52 and 𝑉38, see Fig. 3. To 

adjust the magnitude difference between the two vectors, 

we apply 𝑉52 during 0.73 𝑇𝑠, and 𝑉38 during 0.27 𝑇𝑒. 

The general form is given as follows: 

𝑉𝑉𝑉𝑖 = 0.73 𝑉𝑙𝑎𝑟𝑔𝑒 + 0.27 𝑉𝑚𝑒𝑑𝑖𝑢𝑚−𝑙𝑎𝑟𝑔𝑒  (12) 

MPPT
V_wind   r*

  r_est

+_

× 

Cost function

min (ɡ1) ;min (ɡ2)

Eq.11

Sabc1

Sabc2

Active and Reactive 

Power Prediction

Eq.7-10

Flux and Speed

Estimation

  s2_est  r_est   s1_est

iabc1,2

Vdc

Tem*

Pem1,2*
  r*

+_ × 
  r*

Qem1,2*
1/2

1/2

isd*PI

U3

U1

U2

U4

U5 U6

U7

U3

U1

U2

U4

U5 U6

U7

UJ1,2

PI

  r_est

Defluxing

 

Fig. 2. Conventional FS-PPC control block diagram. 
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Fig. 3. Voltage vectors in the 𝛼 − 𝛽 ; 𝑥 − 𝑦 

subspaces for an ADSIG. 

 

4.2.  Zero Common-Mode Voltage 

The CMV in the ADSIG is designated as the sum of 

the six pole voltages, calculated as follows: 

𝑉𝐶𝑀𝑉 = 
𝑉𝑑𝑐
6
 (𝑆𝑎 + 𝑆𝑏 + 𝑆𝑐 + 𝑆𝑢 + 𝑆𝑣+𝑆𝑤) (13) 

In 64 voltage vectors possible, there are 20 voltage 

vectors with zero common-mode voltages: 

𝑉07, 𝑉13, 𝑉15, 𝑉16, 𝑉23, 𝑉25, 𝑉26, 𝑉31, 𝑉32, 𝑉34, 𝑉43, 𝑉45,

 𝑉46, 𝑉51, 𝑉52, 𝑉54, 𝑉61, 𝑉62, 𝑉64, 𝑉70. Where 6 are large 

and 6 are medium-large, producing 6 VVV used in this 

approach. The other voltage vectors generate shaft 

voltage and leakage current components, causing 

electromagnetic interference and affecting normal 

operation [25]. For this reason, these vectors are 

removed, leaving only 6 VVV to be used in the FS-PPC 

control, see Fig. 4. 

 

  

   

VV1

VV2

VV3VV4

VV5

VV6

VV7

VV8

VV9
VV10

VV11

VV12

(a)

 

  

   

VV2
VV4

VV6

VV8
VV10

VV12

(b)

 
Fig. 4. VVV in the 𝛼 − 𝛽 subspace for an ADSIG (a) 

with the common-mode voltage  (b) without CMV. 

 

To apply the VVV in the FS-PPC control, we use the 

model of the ADSIG in the (𝛼 − 𝛽), ( 𝑥 − 𝑦) subspaces 

presented in section 2. The modifications made to the 

FS-PPC are as follows: 

1-The prediction of the total active and reactive power, 

through the currents and flux value. This prediction is 

made using the forward Euler discretization of the 

ADSIG model presented in section 2 (equations 2 - 5) as 

shown in Equations 14 -17. 

𝜑𝑠
𝑝(𝑘 + 1) = 𝜑𝑠(𝑘) + 𝑇𝑠[𝑣𝑠(𝑘) − 𝑟𝑠  𝑖𝑠(𝑘)] (14) 

 

𝜄𝑠
𝑝(𝑘 + 1) =

𝑇𝑠
𝑅𝜎(𝜏𝜎+𝑇𝑠)

[𝑘𝑟 (
1

𝜏𝑟
+ 𝑗𝜔𝑟(𝑘))𝜑𝑟(𝑘)

+ 𝑣𝑠(𝑘)] + (1 − 𝑇𝑠/𝜏𝜎)𝜄𝑠(𝑘) 

(15) 

  

Where, 𝑅𝜎 = 𝑅𝑠 + 𝑅𝑟𝑘𝑟
2 ;  𝜏𝜎 =

𝜎(𝐿𝑙𝑠+𝐿𝑚)

𝑅𝜎
; 
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𝑘𝑟 =
𝐿𝑚

𝐿𝑟
  ; 𝜎 = 1 − (

𝐿𝑚
2

(𝐿𝑙𝑠+𝐿𝑚)𝐿𝑟
). 

 

𝑃𝑒𝑚
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘) 𝐼𝑚{𝜑𝑠

∗(𝑘 + 1) 𝜄𝑠
𝑝

 
(𝑘 + 1)} (16) 

𝑄𝑒𝑚
𝑝 (𝑘 + 1) = 𝜔𝑟(𝑘) 𝑅𝑒{𝜑𝑠

∗(𝑘 + 1) 𝜄𝑠
𝑝

 
(𝑘 + 1)} (17) 

 

2-In this control, one cost function is used as shown in 

Equation 18. 

𝑔 = |𝑃𝑒𝑚
∗ − 𝑃𝑒𝑚

𝑝
| + |𝑄𝑒𝑚

∗ − 𝑄𝑒𝑚
𝑝
| (18) 

 

      Fig. 5 depicts the proposed ZCMV-FS-PPC synoptic 

diagram, with the modifications denoted by red boxes. 

 
5.  GRID CONNECTION 

After controlling the ADSIG to deliver the MPPT, 

this section will discuss the control used to transport this 

energy to the 230/400 V, 50 Hz electrical grid. The  

approach employed is described in Fig. 6, for more 

details consulted [31]. Moreover, an LCL filter is used to 

reduce the harmonics generated by the inverter. 

MPPT
V_wind   r*

  r _est

+_

× 

Cost function

ɡ =  Pem* -       +  Qem* -       

Eq.18

Defluxing
Sabc1

Sabc2

Active and Reactive 

Power Prediction

Eq.14-17

Flux and Speed

Estimation

  s_est  r_est

iabc1,2

Vdc

Tem*

  r*

+_ × 
  r*

isd*PI

Uj

PI

 
 

 
  

ZCV

  r_est

 

Fig. 5. Proposed control block diagram ZCMV-FS-PPC. 
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PI
× ×

/
PI_+

_+ +
+ dq

abc

PWM

0 PI_+ +
+

+

-

Pa

L  Iq

VdId

Vd

Vdc

Vdc*
Id* Vd’ Vd*

Vq*

Vabc* Vabc3
L  

Iq*

Iq* Vd

Vd’

Idc

 

Fig. 6. Grid connection conditioning system's control bloc diagram. 

While designing the LCL filter, we need to consider 

the filter size, current ripple, and switching attenuation. 

The LCL filter consists of the inverter-side inductance 𝐿𝑖 
, the grid-side inductance 𝐿𝑔, and a capacitor 𝐶𝑓. To 

avoid resonance with the grid, a resistance 𝑅𝑑 is placed 

in series with the capacitor [32]. see Fig. 7. The LCL 

filter parameters are determined as follows: 

1- The filter values are expressed as a percentage of the 

flowing base values:  

{
 
 

 
 𝐿𝑏 =

𝑈𝑛
2

𝜔𝑔𝑃𝑛

𝐶𝑏 =
1

𝜔𝑔
2𝐿𝑏

 (19) 

2-With 2.7% of the base inductance, the inverter side 

inductance can reduce the current ripple to 10%, and by 

adding the LC part, these harmonics can be reduced to 

2% [33]. 

{
𝐿𝑖 = 𝐿𝑏 2.7%
𝐿𝑔 = 𝑟 𝐿𝑖

 (20) 

With 𝑟 = 1.2 to reduce the damping resistor effect. 

 

3-The grid accepts 5% of the maximum power factor 

variation, which is equivalent to 5% of the base 

capacitance. 

𝐶𝑓 = 0.05 𝐶𝑏 (21) 

4-The resonant frequency and damping resistor are 

computed respectively as follows: 

Li Lg

Rd

Cf

 

Fig. 7. LCL filter 

 

𝑓𝑟𝑒𝑠 =
1

2𝜋
√
𝐿𝑖 + 𝐿𝑔

𝐿𝑖𝐿𝑔𝐶𝑓
 (22) 

𝑅𝑑 =
1

3𝜔𝑟𝑒𝑠𝐶𝑓
 (23) 

The LCL filter parameter values determined are: 

𝐿𝑖 = 3.05 𝑚𝐻 ; 𝐿𝑔 = 3.67 𝑚𝐻;  𝐶𝑓 =  4.48 𝜇𝐹; 

𝑅𝑑 = 6.43 Ω; 𝑓𝑟𝑒𝑠 = 1.84 𝑘𝐻𝑧 

 

6.  ZCMV-FS-PPC SIMULATION RESULTS 

6.1.  Comparative test 

     In this part, the performance of the proposed control 

ZCMV-FS-PPC is compared with the traditional simple 

extension FS-PPC, and the VVV-FS-PPC in the case of 

a constant wind speed equal to 10 m/s. 

      Fig. 8 shows the steady-state performance test of 

three different controls, where the left one represents a 

simple extension of the conventional FS-PPC, the 

middle the FS-PPC + VVV, and the right the FS-PPC + 

VVV + ZCMV. 
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Fig. 8. Steady-state performance from lift to right: FS-PPC; VVV-FS-PPC; ZCMV-FS-PPC. From top to bottom. (a) 

(x,y) currents; (b) common mode voltage ;(c) stator currents ;(d) electromagnetic torque. 

 

     We can observe that the simple extension of the 

traditional FS-PPC produces large x, y currents of 3 A 

and a common mode voltage of 300 V. Which impacts 

the stator current quality and induces important torque 

ripples of 6 N.m. 

      With the introduction of the VVV concept, the (x, y) 

current components are reduced to 0.6 A, allowing for 

an improvement in the current quality (c) and a reduction 

in torque ripple to less than 2.5 N.m. But the common 

mode voltage is still there. 

      In the proposed control (right), the x, y currents are 

reduced to 0.4 A and the common mode voltage is 

attenuated (equal to 0); consequently, the current quality 

is improved and the torque ripples are reduced to 1.5 

N.m. Which reflects the superiority of the suggested 

control. 

 

6.2.  Performance Test Under Wind Speed 

Variation 

The simulation results of the wind power conversion 

system with the proposed ZCMV-FS-PPC control are 

discussed in this part. The wind is simulated in its natural 

intermittent behavior via a variable profile presented in 

Fig. 9. This system provides power directly to the grid. 

Fig. 10 presents the ADSIG rotor speed controlled to 

track the speed reference provided by the MPPT bloc. It 

is clear that the ADSIG speed is well controlled 

therefore the MPPT is ensured with an energy efficiency 

of 0.438, as seen in Fig. 11. 

In Fig. 12 and 13, we can see that the currents are 

sinusoidal and have good quality. Thanks to the (𝑥, 𝑦) 

   

 (a) 
 

   
 

(b) 
 

   
 

(c) 
 

   
 

 (d) 
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current harmonic reduced with the VVV technique with 

a maximum value of 0.5 A, see Fig. 14. 

The common mode voltage of the ADSIG is shown 

in Fig. 15. The CMV is completely removed, resulting 

in a lower torque ripple as can be seen in Fig. 16. 

demonstrating the validity of the ZCM strategy used.  

Fig. 17 illustrates the direct and quadratic rotor flux. 

It can be observed that the rotor flux is perfectly 

orientated on the direct axis, without having the rotor 

position, which favors FS-PPC over FS-PCC. 

 
Fig. 9. Wind speed profile. 

 

 
Fig. 10. DSIG rotor speed. 

 

 
Fig. 11. Wind turbine energy efficiency. 

 

 
Fig. 12. ADSIG stator currents. 

 

 
Fig. 8. Zoom in DSIG stator currents. 

 

 
Fig. 9. x, y stator current components. 

 

 
Fig. 10. Common mode voltage. 
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Fig. 16. Electromagnetic torque of the two stator 

windings. 

 

 
Fig. 17. Direct and quadratic rotor flux. 

 

On the other hand, the grid-side converter (GSC) is 

controlled to ensure the total transfer of the active power 

produced to a 230/400 V; 50 Hz grid. The DC link 

voltage is adjusted to 600 V with a PI controller throw 

the active power. While the reactive power is set to zero 

to avoid the reactive exchange with the grid. 

Fig. 18 depicts the DC link voltage control. The DC 

link voltage is regulated on 600V with a maximum error 

of 0.06 % which is a satisfactory result. 

Fig. 19 demonstrates the active and reactive power 

injected into the grid. According to this Fig., the highest 

active power transferred to the grid is 3.8 kW, and no 

reactive power is exchanged with the grid, which is a 

desirable outcome. 

The grid voltage and current are given in Fig.s 20 and 

21. A high-quality signal is obtained with a 2.28% 

harmonic distortion rate of the grid current as shown in 

Fig. 22, thanks to the control and the LCL filter. The 

voltage is set to 230 V, and there is no shift between the 

current and the voltage.   

 

 
Fig. 18. DC link voltage. 

 

 
Fig. 19. Active, reactive power injected to the grid. 

 

 
Fig. 20. Grid voltage and current. 

 

 
Fig. 21. Zoom in grid voltage and current (phase ‘a’) 
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Fig. 22. Grid current harmonic. 

7.  CONCLUSION 

This work is devoted to the FS-PPC application for a 

variable speed ADSIG wind energy conversion system 

to avoid the problem of the flux position required in FS-

PCC and the weighting factor design required in FS-

PTC. The challenges encountered are the stator current 

harmonics and the CMV. For this purpose, two concepts 

are introduced: the virtual voltage vector, and the 

common mode voltage elimination. As a result, the 

proposed ZCMV-FS-PPC control presents the simplest 

control that works without rotor flux position and 

without weighting factor. Moreover, the computation is 

reduced to less than 50%, the common mode voltage is 

completely eliminated, and the (𝑥, 𝑦) current 

components are kept less than 0.5 A under a simple 

period 𝑇𝑆 = 30𝜇𝑠.  

This study may have these perspectives, the 

experimental confirmation of the suggested ZCMV-FS-

PPC approach; replacing the external PI controllers with 

non-linear controllers to have more flexibility; and 

analyzing this control performance under fault 

conditions. 
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