
INTERNATIONAL JOURNAL of RENEWABLE ENERGY 
M.S. Camara et al., Vol.5, No.2, 2015 

Permanent Magnet Synchronous Generator for 

Offshore Wind Energy System Connected to Grid 

and Battery-Modeling and Control Strategies 
 

Morlaye Sekou Camara*‡, Mamadou Baïlo Camara*, Brayima Dakyo*, Hamid Gualous** 

*Laboratoire GREAH - Université Le Havre, 75 rue Bellot, 76600 Le Havre –France 

**Laboratoire LUSAC-Université de Caen, Rue Louis Aragon, 50100 Cherbourg -Octeville, France 

(camarasekou2012@gmail.com, camaram@univ-lehavre.fr, brayima.dakyo@univ-lehavre.fr, hamid.gualous@unicaen.fr) 

 
‡ Corresponding Author; Morlaye Sekou Camara, 75 rue Bellot, 76600 Le Havre –France, Tel: +

 
3302 32 85 99 00, 

camarasekou2012@gmail.com
 

 

Received: 24.12.2014 Accepted: 01.03.2015 

 

Abstract- This paper describes modeling and control strategies of Permanent Magnet Synchronous Generators (PMSG) 

connected to lithium-ion battery pack to compensate intermittent energy from wind farm. Two PMSG and battery are 

connected to electrical grid through a back-to-back converter, and buck-boost converter in battery’s side. Full system is 

connected to AC grid with phase to phase RMS voltage of 20kV. Proposed control strategies are focused on Maximum Power 

Point Tracking (MPPT) for PMSG speed control, active / reactive power, DC-bus voltage management and battery’s power 

control. To show the control strategies performances, some simulation are done using Matlab / Simulink software. 
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Power Point Tracking (MPPT). 

1. Introduction 

The industry of the wind generators has done a 

spectacular growth during these last years.  Before, the wind 

generators power does not reach the order of megawatts. For 

this reason, the major part of the first models is based on 

Permanent Magnet Synchronous Generators or classical 

asynchronous generators. Conventional asynchronous 

generators are usually connected to turbine through a gear 

box. Permanent magnet synchronous generator (PMSG) can 

be coupled to turbine via a gear box or directly (without a 

gear box) if the generator has a high number of poles [1], [2]. 

 Due to power increase in order of megawatts, until 10 

MW today, PMSG configuration necessitates an increasing 

of the size and the weight of the converters. Compared to 

classical asynchronous generators, the permanent magnet 

synchronous generators have the advantages of being robust 

in construction, very compact in size, not requiring an 

additional power supply for magnetic field excitation, and 

requiring less maintenance. A variable speed wind energy 

conversion system including a PMSG offers advantages over 

the constant speed approach, such as maximum power point 

tracking capability and reduced acoustic noise at lower wind 

speeds [3-4]. An integration of energy storage devices in 

wind turbines applications aims to answer the following 

problematic: - excess energy storage of the production 

compared to demand; - the supply of energy for the shortfall 

because of the intermittent behavior of wind.  

In this paper, used energy storage device is based on 

lithium-ion battery which is considered to evaluate the 

proposed control strategies without any consideration for 

cost optimizing. In other terms, it is possible to use lower 

cost energy storage devices such as lead–acid battery, 
supercapacitors or flywheel with the same energy 

management strategies.   

The contribution of this paper is focused on modeling and 

control strategies for wind farm production injection in 

electrical grid. System configuration is illustrated in Fig.1, 

where two generators are linked to electrical grid through a 

controlled converter which includes two three-phase 

rectifiers, a buck-boost converter, an intermediate DC-bus, 

and three-phase inverter, [5]. Full system is connected to AC 

grid of 20kV phase to phase RMS voltage. 

Proposed control strategies include: Maximum Power 

Point Tracking (MPPT) for PMSG speed control, 

active/reactive power control, lithium-battery’s power 

control and DC-bus voltage management.  
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Fig.1. Wind farm configuration connected to lithium-battery. 

To show the control strategies performances, some simulations 

are done using Matlab/Simulink software. 

2 .  Wind Farm System Modeling   

2.1. Wind turbine modeling  

Theoretical power from a wind turbine is given in (1), 

where ρ is the density of air; S is the circular area swept by 

the turbine; β presents pitch angle, Vw1,w2 is the wind speed in 

[m/s],  [6]. The ratio between the tip speed of the turbine and 

wind speed is expressed in (2), where Ωm is the rotational 

speed of the turbine; Rt is the wind turbine radius. 
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The power coefficient Cp presents an aerodynamic output of 

the turbine limited to 0.593. This coefficient can be estimated 

using (3), [7].  Wind turbine mechanical torque Cm obtained 

from mechanical power is expressed in (4).                                                                                                                                                                       
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The system dynamic equation 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 viscous rubbings of the generator; Ωm is the generator 

rotational speed.                                                                                                                                                                                                                               
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2.2. PMSG modeling  

PMSG dynamic model in dq axis can be writing as 

presented in (6), where Rs is the stator resistance, Ld and Lq 

are the inductances in stator, Isd and Isq present the currents in 

the stator; φ is the flux due to permanent magnet, p is the pair 

of poles, [8].          






































































q

msq

d

sd

sq

sd

q

s

d

qm

q

dm

d

s

sq

sd

L

pV

L

V

I

I

L

R

L

Lp

L

Lp

L

R

I

I

dt

d



             (6)                                                                

In this paper, the smoothed poles permanent magnet 

synchronous generator is considered for system simulations 

which enables to write Ld =Lq= Ls. 

2.3. Lithium-battery modeling 

They are many electrical models in literature available to 

describe the electrochemical processes and dynamic behavior 

of the battery, such as the presented models in [9], [10], [11].  

Used model in this paper is presented in Fig.2. This model 

includes an open circuit voltage Ebat which depends to State 

of Charge (SoC), internal resistances, a parallel RC circuit 

which describes the charge transfer and the diffusion process 

between the electrode and the electrolyte [12-13]. The 

analytical model of the lithium-battery pack is presented in 

(7), where RΩ and RC are respectively series and polarization 

resistances, Cc presents the parallel circuit capacitance, Ns 

and Np are respectively the cells number in series and 

parallel. 
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2.4. DC/DC converter modeling for battery pack  

To develop the bidirectional converter model, the buck 

and boost operations must be analyzed, [14], [15], [16]. 

During buck converter mode, K1 semiconductor is switched 

ON, while K2 is OFF. Contrary to this mode, K2 is switched 

ON, while K1 became OFF. For this study, Ibat and Ibus-bat are 

supposed negative during the battery’s charge operations 

(buck converter mode), and they are positive during the 

battery discharge (boost converter mode). Average model of 

the converter presented in Fig.3 is given in (8), where, k and 

α can have the following values: 

 

Fig.2. Lithium-battery model. 
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Fig.3. Lithium-battery connection configuration. 

 In boost converter mode: k =1 and α =1-α1, where α1 

is the boost converter duty cycle average value. 

 In buck converter mode: k =-1 and α =α2, where α2 is 

the buck converter duty cycle average value. 

This model has a nonlinear behavior because of crosses 

between the control variables (α1, α2) and the state variables 

(Ibat and Vdc) . The Vbat and Ibat variables are likely to disturb 

the control, they must be measured and used in the control 

loop to ensure a dynamic control. 
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2.5. AC/DC and DC/AC converters modelling 

This section presents the analytical model of the 

controlled three phase’s converters (rectifier and inverter). 

Based on Fig.1, the DC-bus currents enable to write the 

analytical model of rectifier presented in (9), where DC-bus 

capacitor C is assumed not charged. In this equation, Iond 

presents the inverter input current; Is1w1,w2, Is2w1,w2 and Is3w1,w2 

correspond to  rectifiers input currents; Ibus-bat presents 

battery’s contribution in DC-bus; Sa, Sb and Sc present the 

three phase pulse with modulation (PWM) signals applied to 

rectifiers. 
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The three phase inverter output voltages can be estimated 

as expressed in (10), where Vdc is the DC-bus voltage, w1, w2 

and w3 present the three phase pulse with modulation (PWM) 

signals applied to inverter.   
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Fig.4. Model of electrical grid.                                                                                     

2.6.    Electrical grid modeling  

The main goal of this section consists to establish an ideal 

model of electrical grid. To establish this model, the 

balanced three phase system is considered. Considered model 

in this paper is presented in Fig.4, where Vres1, Vres2 and Vres3 

voltage are connected to three phase inverter (Vsa,b,c) through 

a transformer with a ratio of m. Analytical model of electrical 

grid is presented in (11), where e1, e2 and e3 present the 

conventional three phase emf with phase to phase RMS 

voltage of 20kV.  
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3. Offshore Wind Energy System Control Strategies 

The control strategies of the system include [17]: - The 

PMSG speed control based on Maximum Power Point 

Tracking (MPPT) technique.  - The active and the reactive 

powers control using an inverter connected to grid. - DC-bus 

voltage control through two rectifiers connected to two 

permanent magnet synchronous generators. 

3.1. PMSG speed control strategy  

Speed references for two wind turbines are expressed in 

(12), 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.5. 

 
Fig.5.   PMSG speed control loop for each wind turbine. 
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The PI controller coefficients obtained from closed loop 

analysis are shown in (13), where 𝜔nd presents the dynamics 

of the system, and tsd is the control loop time constant, [18].                                                                                                                                                                                                                     
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3.2. Active and reactive power control  

Active and reactive powers injected in electrical grid is 

expressed in (14), where (Vdres, Vqres) and (Idres,Iqres) are 

respectively the voltage and current in dq axis. 
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The active and reactive power control strategies are 

presented in Fig.6. PI controllers coefficients used in inner 

and outer loops are respectively presented in (15).                                                                                                                                                                                                                                                      
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3.3. Battery’s power control strategy 

Battery’s power reference is estimated from difference 

between the available power Pdis and required power for 
electrical grid Pref, as expressed in (16). If Pbatref ≥ 0 the boost 

converter is used, else if the buck converter is switched. 

refdisbatref PPP 
                                                               (16) 

Battery’s power control strategy is presented in Fig.7, 

where bidirectional behavior of the buck-boost converter is 

due to sign of Pbatref. The parameters of PI controller are 

presented in (17), where ωnb and Lbat are respectively the 

dynamics of the system, and smoothing inductance of 

battery’s current.  

 

Fig.6.   Active and reactive power control loops. 

 

 
Fig.7. Battery’s power control strategy. 
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3.4. DC-bus voltage control method 

DC-bus voltage control strategy is illustrated in Fig.8, 

where the reference current in q axis Iqref is obtained from 

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

power factor of 1. Like to PMSG speed control, PI controller 

is used for DC-bus voltage management. The coefficients of 

this controller are expressed in (18), where ωn and tsdc are 

respectively the dynamics of the system, and system time 

constant.  
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Fig.8. DC-bus voltage control strategy. 
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4. Simulation Results 

For system simulations, the wind speed averages values 

are fixed to 11.4m/s, and used parameters are presented in 

Appendix section. DC-bus voltage reference is respectively 

fixed to 5kV and 6kV to show the performances of the 

control.  

The active power profile requested by electrical grid 

manager [19] Pref and available power from the wind farm 

Pdis are plotted in Fig.9. These curves are not same. To obtain 

the requested power profile by electrical grid manager using 

energy storage device is necessary. Fig.9 shows two main 

areas:  

- The first situation is obtained if available power from 

wind farm Pdis is greater than requested Pref. The difference 

between these ones must be assigned to energy storage 

device (battery). 

- The second situation appear if available power from 

wind farm Pdis is less than requested power Pref. In this case, 

the difference between these last ones must be supplied by 

energy storage device (battery).                                            
Fig.10 shows the wind speed profiles for two wind 

turbines, the minimum and maximum values are respectively 

10.75m / s and 12.5 m/s. These speeds are in the same 

direction but shifted of 73s, which correspond to ratio of 

distance between two turbines and average wind speed 

(11.4m/s). Used distance between two wind turbines is 

estimated as seven times of the turbine diameter 

(7x120=840m). The wind turbines speeds control results are 

presented in Fig.11 and Fig.12. These curves show that, the 

proposed control strategy is satisfactory, i.e. the controlled 

speeds are close to references estimated from (12).  

The reference of active power is fixed by electrical grid 

manager which corresponds to Pref.  That of reactive power 

Qref is estimated using the active power reference as 

expressed in (19), where tg(φ) is respectively fixed to 0.327; 

0 and -0.327. These conditions are fixed from electrical “grid 

code” described in [20].  
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Fig.9. Requested power by electrical grid manager. 

 

Fig.10. Wind speed profiles for two wind turbines. 

 

Fig.11. PMSG Speed control result for first wind turbine. 

 

Fig.12. PMSG Speed control result for second wind turbine. 

Active power control result is presented in Fig.13, where the 

required power for electrical grid Pref is same to injected 

ones. Fig.14 shows the reactive power control result, the 

positive power corresponds to supplied power, and negative 

power for consumed power. These results allow concluding, 
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the proposed control strategies are satisfactory, and 

controlled powers are close to references ones.  

The battery power control result is shown in Fig.15, 

where the reference is close to controlled power. In this 

figure, the positive power corresponds to the discharging 

operations and negative power corresponds to energy storage 

operations. This bidirectional operation allows compensate 

the wind energy fluctuations to obtain the required power for 

electrical grid. DC-bus voltage control result is presented in 

Fig.16. This curve shows that the DC-bus voltage follows the 

reference ones, which enables to conclude that the proposed 

control is adapted, except during initial conditions where 

DC-bus voltage control loop has not enough time to react. 

Battery and wind farm contributions in DC-bus are 

presented in Fig.17. These curves show that, the injected 

current in inverter Iond corresponds to sum of currents from 

two generators Iredw1+Iredw2 and that of the battery Ibus-bat, 

because DC-bus capacitor is charged during first operation. 

The positive parts of the current from battery pack 

correspond to energy supply operations and the negative 

parts correspond to energy storage operations.  

 

Fig.13. Active power control result. 

 

Fig.14. Reactive power control result. 

 

Fig.15. Battery’s power control result. 

 
Fig.16. DC-bus voltage control result. 

 
Fi.17. Contributions of wind generators and battery in DC-

bus. 
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Fig.18. Phase to phase voltage of electrical grid in point of 

coupling. 

Measured voltage on electrical grid in point of coupling 

is presented Fig.18, where the RMS voltage is not affected by 

injected reactive power due to performances of control.  

5. Conclusion 

In this paper, the authors present the modeling and 

control strategies of the wind farm based on Permanent 

Magnet Synchronous Generators connected to electrical grid 

and battery. Proposed control strategies are focused on 

generator’s speeds control, DC-bus voltage management, the 

active-reactive power control, and battery’s power 

management. The active/reactive power control strategy 

takes into account the required power profile for electrical 

grid due to battery’s contribution.  

The simulation results show that, the proposed control 

strategies are satisfactory and the controlled variables are 

very close to references ones. Based on these simulations 

results, the PMSG and lithium-batteries seem to be 

interesting for offshore wind energy applications. 

Appendix 

Table 1. Permanent Magnet Synchronous Generator (PMSG) 

parameters 

Parameters Symbol Values 

PMSG rated power Pn 5 MW 

RMS voltage in stator Usef 3300 V 

Resistance in stator  Rs 50 mΩ 

Inductance in stator  Ls 7.5 mH 

Number of pair of poles  P 60 

PMSG inertia moment  Jm 2x105 kg.m2 

Induced magnetic flux φ 28.6Wb 

Table 2. Wind turbine parameters 

Parameters Symbol Values 

Wind turbine radius  Rt 60 m 

Air density ρ 1.225 kg/m3 

Optimal tip-speed ratio λopt 9.7 

Inertia moment of turbine  Jt 30x106 kg.m2 

Maximum  power 

coefficient 

Cpmax 0.53 

Table 3. DC-bus and electrical grid parameters 

Parameters Symbol Values 

DC-bus voltage reference            Vdcref 6kV and 5kV 

DC-bus capacitor                                 C 30mF 

Electrical grid resistance Rres 60 Ω 

Electrical grid inductance Lres 0.06H 

Phase to phase RMS voltage for 

electrical grid 

Ures 20 kV 

Table 4. Lithium-battery parameters [21]  

 Parameters Symbol Values 

Battery’s cell rated capacity    65Ahr 

Open circuit voltage for one cell           Ebat 19.2V 

One cell series resistance RΩ 0.00942 Ω 

One cell polarization  resistance RC 0.0736 Ω 

Rated capacitance for one cell          CC 4581F 

Cells number in series Ns 163 

Cells number in parallel Np 56 
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