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Abstract- This paper presents a comprehensive analysis of 10 MW large offshore wind farms ability to meet the requested 

energy imposed by electrical grid code by using DC and AC configurations.  In DC configuration, the wind turbines are linked 

to DC-bus through the rectifiers, and all produced energy is injected in electrical grid via an inverter.  In AC configuration, 

each wind turbine has a back to back converter for produced energy management, and the all subsystems are connected to grid 

through an AC-bus. The contribution of the paper presents two aspects: -The first aspect is focused on the energy management 

strategies using balance control, delta control and absolute control. -The second is related to the performances comparative 

study between the DC and AC configurations. For all configurations, the speed of the Permanent Magnet Synchronous 

Generator, the DC-bus voltage, and the exchanged power between wind farm and the network are controlled using grid code 

constraints (balance control, delta control and absolute control). To show the performances of the control strategies, some 

simulation results obtained with DC and AC configurations are presented and analyzed using Matlab/Simulink software. 

Keywords Active and reactive power control; AC/DC converter; Grid code ; DC/AC converter; DC-bus voltage control; 

Offshore wind energy management; Permanent Magnet Synchronous Generator (PMSG); Speed control;  Maximum Power 

Point Tracking (MPPT).    

 

1. Introduction 

In these last years, many researches are undertaken for the 

offshore wind farm system improvement, but the main 

challenges are focused on  interconnection of the generators,  

and used converters for  produced energy injection in the grid 

[1-4]. The DC and AC configurations are usually proposed in 

the literature, but the control strategies of these topologies 

presents some challenges. 

This paper presents two contributions: -The first 

contribution is focused on the wind farm energy management 

using balance control, delta control and absolute control 

strategy. -The second contribution is based on the 

performances comparative study between DC and AC 

configurations. In DC configuration, the generators are 

linked to grid through the fully controlled frequency 

converters, which consist of two three phase rectifiers, an 

intermediate DC-bus, and a PWM inverter as illustrated in 

Fig.1. In AC configuration, each wind turbine has a back to 

back converter for produced energy management, and the 

subsystems are linked to electrical grid through an AC-bus as 

illustrated in Fig.2. The two configurations are connected to 
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AC grid of 20kV phase to phase RMS voltage. The proposed 

control strategies include the Maximum Power Point 

Tracking (MPPT) for PMSG speed control, the 

active/reactive power control, and DC-bus voltage control. 

To show the performances of the control strategies, some 

simulation results are presented and analyzed using 

Matlab/Simulink software. The obtained results in the 

normal operation (no fault in grid) from the DC 

configuration are compared to the AC configuration results. 

 
Fig.1.   DC Configuration. 

 

 

Fig.2.   AC Configuration. 

2. Wind energy conversion system modeling 

2.1. Wind turbine modeling  

The theoretical power generated by wind turbine is 

expressed in (1), where ρ is the density of the air; S is the 

circular area swept by the turbine; β is the angle of wedging 

of the blades, Vw1,w2 is the wind speed in [m/s]. 
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The ratio between the tip speed of the turbine and the wind 

speed is shown in (2), where Ωm is the rotational speed of the 

turbine; Rt is the radius of the wind turbine.  
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The Cp (λ, β) coefficient can be estimated using (3), and 

more information about this coefficient can be found in [5-6]. 
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The torque of the wind turbine Cm obtained from the 

mechanical power is calculated using (4), where Pavailw1,w2  is 

obtained from (1). 

m

wavailw

m

P
C




2,1                                                     (4)                                                                                                                                                                                                                               

The mechanical equation of the system can be expressed as 

presented in (5), where Jt and Jm present respectively the 

inertia moments of the turbine and the generator; fv is the 

coefficient due to the viscous rubbings of the generator; Cem 

presents the electromagnetic torque.  
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2.2. PMSG modeling  

PMSG dynamic model in the dq axis is expressed in (6); 

where Rs is the resistance in the stator; and Ld and Lq are the 

stator inductances; Isd and Isq present the currents in the 

stator; φ is the flux of the permanent magnet, p is the pair of 

poles [7].          
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In this paper, the smoothed poles permanent magnet 

synchronous generator is considered for system simulations 

which enables to write Ld =Lq= Ls. 

2.3. AC/DC and DC/AC converters modeling  

This section presents the average model of the converters 

(rectifier and inverter) obtained by considering the 

efficiencies of the converters are about 100%. Based on the 

Fig.1, the measured currents in the DC-bus can be expressed 

as presented in (7), where C is the DC-bus capacitor; Iond  is 

the inverter input current; Sa,b,c present the three phase Pulse 

With Modulation (PWM) signals; Is1w1,w2 ;Is2w1,w2 and Is3w1,w2  

are the rectifiers input currents.  The dynamic model of the 

rectifiers in AC configuration presented in Fig.2 can be 

deduced from (7) as illustrated in (8). 
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The analytical model of the inverter is given in (9), 

where, Vdc is the DC-bus voltage, W1, W2 and W3 present the 

PWM signals applied to inverter.  To obtain the model of the 

inverters in AC configuration, Vdc must be replaced 

respectively by Vdc1 and Vdc2.  






























dcSc

dcSb

dcSa

V
WWW

V

V
WWW

V

V
WWW

V

3

2

3

2

3

2

213

312

321

                                         (9)                                                                                            

2.4.    Electrical grid modeling  

To establish the model of electrical grid presented in 

Fig.3, balanced three phase system is considered. The Vres1, 

Vres2 and Vres3 voltages are connected to inverter through a 

transformer with ratio of m. Based on Fig.3; the analytical 

model of the grid is presented in (10), where e1, e2 and e3 

present the conventional three phase emf of the grid with 

phase to phase RMS voltage of 20kV. 





















)(

)(

)(

3333

2222

1111

resresresresres

resresresresres

resresresresres

I
dt

d
LIReV

I
dt

d
LIReV

I
dt

d
LIReV

                    (10)                                                                         

 
Fig.3.  Electrical grid model.                                                                                

3. DC configuration control strategy 

The proposed control strategies include: - PMSG speed 

control based on Maximum Power Point Tracking (MPPT) 

technique. - Active and reactive powers control using the 

inverter connected to grid. - DC-bus voltage control through 

the rectifiers connected to stator. The similar control 

strategies are presented in [8] for wind turbine application 

based on the doubly feed induction generator. 

3.1. PMSG speed control strategy  

Speed references for the two wind turbines are expressed 

in (11), where vw1,w2 present the wind speed profiles  for two 

wind turbines. These references are obtained from MPPT 

technique. The control strategy of the two PMSG speeds is 

illustrated in Fig.4. 
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The PI controller coefficients obtained from closed loop 

analysis are shown in (12), where 𝜔nd presents the dynamics 

of the system, and tsd is the control loop time constant, [9].  

 

 









mtndi

mtndp

JJK

JJK

2

2




,

sd

nd
t

8.5
                           (12)                                                                                              

 
Fig.4.   PMSG speed control loop for each wind turbine. 

3.2. Active and reactive power control  

The active and reactive powers injected in electrical grid 

is estimated using (13), where (Vdres,Vqres) and (Idres,Iqres) are 

respectively the grid voltage, and the injected current in the 

grid. 











qresdresdresqreswf

qresqresdresdreswf

IVIVQ

IVIVP
                                          (13)                                                                                                                                                                                                                                                                    

To simplifying the control strategy, the majority of the 

authors choose a reference frame related to the stator. 

However, this choice is not best in this application, because 

the parameters which must be controlled are in the stator side 

(Pwf, Qwf). The choice of an axes system shifted 90° behind 

on the vector of grid voltage (Vdres = 0 and Vqres = Vres) is 

much more advantageous [10]. Based on this assumption, the 

approximate active and reactive power injected in electrical 

grid can be expressed as presented in (14). This equation 

shows that, the active power can be controlled through Iqres 

current, and the reactive power can be controlled using Idres.  
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The active and reactive power control strategies are 

presented in Fig.5, where PI is the Proportional Integral 

controllers. The coefficients  of the PI controllers used in the 

inner and the outer loops are respectively presented in (15). 
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Fig.5.   Active and reactive power control loops . 

3.3. DC-bus voltage control method 

The control strategy of the DC-bus voltage is presented in 

Fig.6, where the reference current Iqref is obtained from the 

DC-bus voltage control loop. Idref is fixed to zero to obtain a 

power factor equal to 1. Like to PMSG speed control, the PI 

controller is used for the DC-bus voltage management. The 

coefficients of this controller are shown in (16), where ωn is 

the dynamics of the system, and tsdc is the DC-bus voltage 

control loop time constant.  

 
Fig.6.   DC-bus voltage control strategy. 
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4. AC configuration control strategy 

The AC configuration presented in Fig.2 includes, two 

wind turbines based on PMSG with rated power of 5MW for 

each generator; two back to back converters and two 

transformers. The converter in  PMSG side is used to control 

the torque and the generator’s speed for each wind turbine. 

Used converter in electrical grid side for each wind turbine 

ensures the DC-bus control, the active and reactive power 

management between generator and grid. These converters 

provide a complete decoupling between the electrical grid and 

generators. More information about this method can be found 

in [11] and [13]. The control strategy for each generator 

includes three subsystems. First is based on the vector control 

of the PMSG also called Field Oriented Control (FOC), the 

second is the Maximum Power Point Tracking (MPPT), and 

the last is the pitch control [11-14]. 

4.1. Stator's current control method 

The vector control strategy applied in this study consists 

to impose a reference for d-axis current Isd equal to zero as 

presented in Fig.7.  More information about this method can 

be found in [12] and [13]. The control of the electromagnetic 

torque is based on Isq current  as illustrated in (17). 

sqem IpC  
2

3        (17)                                                                                       

 

 
Fig.7.   Stator’s currents control loops. 

4.2. Maximum power point tracking (MPPT) and pitch angle 

control method 

The PMSG speed control is based on MPPT and it is 

same to that presented in Fig.8 shows that, in the each wind 

speed there is an optimal speed of the turbine which 

corresponds to the maximum power. A pitch angle control is 

used to reduce the aerodynamic power captured by the wind, 

and to keep the output power of PMSG at the power reference 

when the wind speed is greater than the nominal speed [11]. 

The control method of the pitch angle is shown in Fig.9. 

 

 
Fig.8.   Principle of the MPPT. 
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Fig.9.   Pitch angle control method. 

4.3. DC-bus voltage and reactive power control strategies 

Grid side converter control includes the inner loops based 

on the grid currents management, and two outer loops 

focused on DC-bus voltage and reactive power management 

as shown in Fig.10. The similar methods are presented in 

[12], and [15-19]. The parameters of the PI controllers are 

estimated using (15), and (16). 

 
Fig.10.   DC-bus voltage and reactive power control 

strategies. 

 

5. Power references estimation using grid code 

constraints 

The wind farm controller is the "brain center" of the 

wind farm. Its role is to control the total power that is 

required and authorized to inject in electrical grid by the 

wind farm. The overall objective of such a controller is to 

allow the wind farm to behave as active element, and to 

participate to grid services. To do this operation, the balance 

control, the delta control and absolute control are necessary. 

5.1. Principle of balance ,delta and absolute control 

The balance control principle is presented in Fig.11a, 

where Pwfref presents the active power demanded by grid 

operator, and Pwfavail is available power from generators. In 

this mode, the wind farm has to be capable of increasing or 

decreasing rapidly its power to a given fixed value. This 

feature has its utility if the grid operators would have to act 

fast to maintain the balance between production and 

consumption. 

Delta control principle is illustrated in Fig.11b. In this 

case, the produced power (energy) must be limited to a 

percentage of the available power (85% in this paper). So, 

the wind turbine can contribute in the primary regulation of 

the frequency. 

Figure.11c shows the absolute control principle. For this 

type of control, the injected power in electrical grid by the 

wind farm is limited to a maximum defined by the network 

manager. Below this power, wind turbines can operate 

normally, [20-21]. 

 
Fig.11a   Balance control principle. 

 

Fig.11b   Delta control principle. 

 
Fig.11.   Absolute control principle. 

5.2. Active and reactive power references estimation using 

grid code constraints  

Figure.12 presents the references estimation of the active 

and reactive power for the wind farm [20]. The control unit 

presented in Fig.12 necessitate in its input: - the requirements 

of the system operator (balance control, delta control and the 

absolute control); - the measured powers in the point of 

common coupling; - and available power in wind farm, [20-

21]. In this paper, it is considered that, the electrical grid is in 
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normal operation (not fault in electrical grid). This 

assumption enables to use Fig.12 without the control of the 

frequency fpcc and the voltage Vpcc in point of coupling to 

grid. In dispatch control block presented in Fig.12, the active 

and the reactive power references for each wind turbine is 

calculated using a proportional distribution algorithm method 

as presented in (18), where Pavailw1,2 and Qavailw1,2  present the 

available active and reactive powers for each wind turbine. 

More information about this method can be found in [20] and 

[21]. The active and reactive powers available in the wind 

farm are calculated using (19), where tan(Φ)=0.327 

corresponds to electrical power factor. 

 

 

Fig.12.  Active and reactive power references estimation. 
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For DC configuration, the active and reactive power 

references are estimated using (20). 
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6. DC and AC configuration simulation results  

6.1. DC configuration simulation results  

For system simulations, the wind turbines references 

speeds are estimated using (11). The references of the active 

and reactive powers are estimated using (20). DC-bus 

voltage reference is respectively fixed to 5kV and 5.5kV to 

show the performances of the control. By convention, the 

sign of the reactive power is assumed positive for the 

supplied power, and negative for consumed power. Used 

parameters for system simulations are presented in Appendix 

section.    

Figure.13 shows the wind speed profiles for two wind 

turbines, where the minimum and maximum values are 

respectively to 8.5m/s and 11.5m/s with an average value of 

10.5m/s. The speeds control results  of the wind turbines are 

presented in Fig.14 and Fig.15. These curves show that, the 

proposed control strategy is satisfactory, i.e. measured speeds 

are close to the references. 

 
Fig.13.   Wind speed profiles for two wind turbines . 

 
Fig.14.   PMSG Speed control result for first wind turbine 

without pitch angle control. 

 
Fig.15.   PMSG Speed control result for second wind turbine 

without pitch angle control. 
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Fig.16.   Active power control result obtained with balance, 

delta and absolute controls. 

 
Fig.17.   Reactive power control result obtained with 

balance, delta and absolute controls. 

 
Fig.18.   Contribution of each wind turbine obtained with 

balance, delta and absolute controls. 

 
Fig.19. DC-bus voltage control result. 

The active and reactive powers control results are 

respectively presented in Fig.16 and Fig.17. These results 

allow to concluding the control strategies presented in Fig.5 

are adequate. Measured powers compared to the references 

show that the control strategies take into account the wind 

speeds variations. Figure.18 presents the contribution of each 

wind turbine in the DC-bus, where Pw1 and Pw2 are not the 

same due to wind speeds behaviors. The DC-bus voltage 

control result is plotted in Fig.19. This figure shows that, the 

measured voltage follows the reference ones, which enables 

to conclude that the proposed control is performing. 

6.2. AC configuration simulation results 

Wind turbines are controlled to extract the maximum 

power if the wind speed is less than its maximal value 

(11.5m/s). PMSG speeds control results obtained from 

MPPT method are plotted in Fig.20 and Fig.21.  To limit the 

produced energy from the wind turbines and to meet the 

power profile imposed by the grid operator a pitch angle 

control is used.  The pitch angle control action is illustrated 

in Fig.20 and Fig.21, precisely from 40 to 70s, 134 to 181s, 

and 205 to 231s. These intervals of the time coincide 

respectively to the balance control, delta control, and 

absolute control. Figure.22 shows the total active power 

injected in electrical grid obtained with the balance, the delta 

and the absolute controls. The reactive power injected in the 

grid follows perfectly the dynamic variations of the reference 

as presented in Fig.23. Figure.24 presents the active power for 

each wind turbine, where the variations of Pw1 and Pw2 are due 

to intermittent behavior of the wind speed. Figure.25 shows 

the DC-bus voltage control result where Vdc1 is same to Vdc2.  

 
Fig.20. PMSG Speed control result for first wind turbine 

with pitch angle control. 

 
Fig.21. PMSG Speed control result for second wind turbine 

with pitch angle control. 
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Fig.22. Active power control result obtained with the 

balance, the delta and the absolute controls . 

 
Fig.23. Reactive power control result obtained with the 

balance, the delta and the absolute controls. 

 
Fig.24   Contribution of each wind turbine in the DC-bus. 

 
Fig.25. DC-bus voltage control result for the first and the 

second wind turbine. 

These curves are identical to reference voltage except during 

the sudden variation of the reference, where the DC-bus 

voltage control loops have not enough time to react. 

7. Conclusion 

In this paper, the authors present the modeling and 

control of the wind farm based on the Permanent Magnet 

Synchronous Generators connected to AC grid through the 

back-to-back converters. Two configurations of the offshore 

wind farm are studied and analyzed. The first configuration 

is based on DC configuration, and the second is focused on 

AC configuration. The proposed control strategies (balance 

control, delta control and the absolute control) allow to the 

wind farm to behave as active element, and to participate to 

grid services. Based on simulation results, the performances 

of the two configurations are same but the DC-configuration 

needs less components (converter and transformer) compared 

to AC configuration. In more, the control strategy is easy to 

implement compared to AC configuration.  Finally, the DC 

configuration seems to be interesting compared to that of the 

AC configuration for offshore wind energy applications 

without the consideration of the safety problems. 

8. Appendix 

Pn                         PMSG rated power                            5 MW 

Rt                Radius of the wind turbine                  56 m        

ρ                           Air density                                  1.22 kg/m 

Rs                          Resistance of PMSG                      6.25mΩ 

Ls                Inductance of the PMSG                 4.2 mH                    

J                          Inertia of wind turbine                 104 kg.m2                         

p    Pair of poles                                            75           

Usef                        RMS voltage in the stator                  690V                     

Vdcref                     DC-bus voltage reference      5kV to 5.5kV                       

Rres; Lres                Electrical grid parameters          50 Ω; 0.7H             

R; L                  Parameters of the filter        0.5mΩ; 0.3mH                      

C    DC-bus capacitor                                 5mF                                                    

φ                           Magnetic induced flux                       11Wb                       

τ   Pitch actuator time constant         0.7s             

Pwfref    Active power demanded by grid operator  

Pwfavail    Available power from generators        

Pavailw1, Pavailw2         Available active power from each wind  

                              turbine     

Qavailw1 , Qavailw2     Available reactive power from each wind  

                              turbine 

Cpmax                     Maximum power coefficient for wind    

                              turbines                                                0.53 

λopt                         Optimal ratio between speed of the turbine   

                              and wind speed                                    6.89   
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