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Abstract— This paper presents modeling and control 
strategies of 5MW Permanent Magnet Synchronous 
Generator (PMSG) for offshore wind energy conversion 
application. The PMSG is connected to electrical grid of 
20kV phase to phase RMS voltage using a back-to-back 
converter.  

The contribution of this paper is focused on energy 
management strategies using "grid code", where the 
required power profile is fixed by electrical grid manager 
without any consideration for wind speed variations. For 
this study, it is assumed that the available power is higher 
than required power for electrical grid. The proposed 
control strategies include a Maximum Power Tracking 
(MPPT) for PMSG speed control, active/reactive power 
control, and DC-bus voltage management. To show the 
performances of the control, some simulation results are 
presented and analyzed using Matlab/Simulink software. 
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I.  INTRODUCTION  

 The industry of wind generators knew has spectacular 
growth during these last years.  Before, the wind 
generators power does not reach in order of megawatts. 
For this reason, the major part of first models is based on 
Permanent Magnet Synchronous Generators (PMSG) or 
conventional asynchronous generator. The conventional 
asynchronous generators are generally connected to 
turbine through a gear box. 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 until to megawatts (10 MW today), the 
PMSG configuration necessitates an increasing of size 
and weight of converters.  

Permanent magnet synchronous generators compared to 
conventional 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].  

 The contribution of this paper is focused on energy 
management strategies using "grid code", where the 
required power profile is fixed by electrical grid manager 
without any consideration for wind speed variations.  The 
PMSG is linked to electrical grid using a back-to-back 
converter as illustrated in Fig.1, where electrical grid 
presents phase to phase RMS voltage of 20kV. Proposed 
control strategies include a Maximum Power Point 
Tracking (MPPT) for PMSG speed control, the 
active/reactive power control, and DC-bus voltage 
control management. To show the performances of 
control strategies, some simulation results are presented 
and analyzed using Matlab/Simulink software. 

 

 Fig.1: Wind energy conversion system using Permanent Magnet Synchronous 
Generator. 
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II. WIND ENERGY CONVERS SYSTEM MODELIG 

A. Wind turbine modeling 

Theoretical power due to wind turbine is given in (1), 
where ρ presents air density; S is the circular area swept by 
turbine; β is blades pitch angle, v presents wind speed in [m/s], 
[5].  
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The ratio between tip speed of the turbine and wind speed is 
expressed in (2), where Ωm is the speed of turbine; Rt is the 
radius of the wind turbine.  
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The power coefficient Cp can be estimated using (3), [6]. 

( ) ( ) ( ) ( )
( ) ( )

( )
( )













−−
+⋅=

−⋅−⋅−

⋅−⋅−=

23.034.14

1.0

2300184.0

sin200167.035.0,

β
λπ

βλ
ββλ

A

AC p   (3) 

The mechanical torque Cm of wind turbine obtained from (1) is 
expressed in (4). 
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The mechanical 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 generator; Ωm is the generator speed.  
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B. PMSG modeling  

The PMSG dynamic model in dq axis can be writing as 
presented in (6); where Rs is the resistance in stator; and Ld and  

Lq are the stator inductances in dq axis ; Isd and Isq  present the 
currents in stator; φ is the permanent magnet flux, p is the pair 
poles, [7]. 
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In this paper, smoothed poles PMSG is considered for system 
simulations which enables to write Ld =Lq= Ls. 
 
 
 
 

C. Back-to-back converter modeling 

This section presents the three phase back-to-back 
converter (rectifier and inverter) analytical model. Based on 
Fig.1, the measured currents in DC-bus can be expressed as 
presented in (7), where C is the DC-bus capacitor; Iond is the 
inverter input current; Is1, Is2 and Is3 present the rectifier input 
currents.   
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Analytical model of inverter is given in (8), where, Vdc is the 
DC-bus voltage, w1, w2 and w3 present the three phase PWM 
(pulse with modulation) signals applied to inverter.   
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D. Electrical grid model  

The goal of this section consists to establish an ideal model 
of electrical grid. To establish this model, the balanced three 
phase system is considered, where V1res, V2res and V3res are 
connected to inverter through a transformer with ratio of m. 
Based on Fig.2, the analytical model of electrical grid is 
presented in (9), where e1, e2 and e3 present the conventional 
three phase emf with phase to phase RMS voltage of 20kV.  
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Fig2: Ideal model of electrical grid. 

 



III.  OFFSHORE WIND ENERGY SYSTEM CONTROL 

STRATEGIES 

Adopted control strategies are focused on: - PMSG speed 
control based on the Maximum Power Point Tracking (MPPT) 
technique; - active and reactive power control using inverter; - 
DC-bus voltage control through rectifier connected to stator.  
Similar methods are described in [8], [9], [10], [11], [12] and 
[13]. 

A. PMSG Speed control strategy  

To control PMSG speed, the wind turbine speed reference 
is expressed in (10), where v presents the wind speed. This 
reference is obtained from MPPT technique.  
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The PMSG speed control strategy is illustrated in Fig.3. PI 
controller coefficients obtained from closed loop analysis are 
expressed in (11), where ωnd and tsd are respectively the 
dynamics of the system and the system time constant, [14].  
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            Active and reactive power control strategy  

The active and reactive power injected in electrical grid is 
expressed in (12), where (Vdres,Vqres) and (Idres,Iqres) are 
respectively the grid voltage and current in dq axis. 
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The reactive and active power control strategies are 
presented in Fig.4. Used parameters in PI controllers for inner 
and outer loops are respectively presented in (13), where tir and 
tp are respectively the inner and outer loops time constants. 
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C- DC-bus voltage control strategy  

DC-bus voltage control strategy is illustrated in Fig.5, 
where the reference’s current 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 parameters of this 
controller can be estimated using (14), where ωn and tsdc are 
respectively the dynamics of the system, and system time 
constant.  
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Fig.3: PMSG Speed control loop for wind turbine. 

 
Fig4: Active and reactive power control strategies. 

 
Fig.5: DC-bus voltage control strategy. 



IV-  SIMULATION  RESULTS 

Used parameters for system simulations are presented in 
Appendix section. The wind speed average value is fixed to 
12m/s. The reference speed of wind turbine is estimated using 
(10). Based on “grid code”, the required power for electrical 
grid is illustrated in Fig.6. This profile is used as a reference 
for active power control. The reactive power reference Qref is 
estimated according to active power ones as expressed in (15), 
where tg(φ) is respectively fixed to 0.327; 0 and -0.327. These 
conditions are fixed from electrical “grid code” described in 
[15], [16].  
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To show the performances of control, DC-bus voltage 
reference is respectively fixed to 5kV and 6kV. By convention, 
the sign of reactive power is assumed positive for injected 
power, and negative for absorbed power.  

Fig.7 shows the wind speed profile, where minimum and 
maximum values are respectively 8.9m/s and 15m/s. Wind 
turbine speed control result is presented in Fig.8. This curve 
shows that, the proposed control strategy is satisfactory, i.e. 
controlled speed is close to reference ones. The active and 
reactive powers control results are respectively presented in 
Fig.9 and Fig.10.These results allow to concluding the 
proposed control strategies are satisfactory. The controlled 
powers compared to references ones show that, the control 
strategies take into account the wind speeds variations. Fig.11 
presents DC-bus voltage control result. This curve shows that, 
DC-bus voltage follows the fixed references (5kV and 6kV), 
which enables to conclude that, proposed control is performing 
except during initial conditions, where DC-bus voltage control 
loop has not enough time to react. 

 
Fig.6: Required power for electrical grid based on “grid code”. 

 
Fig.7: Used profile for wind speed. 

 
Fig.8: PMSG Speed control result.  

 
Fig.9: Active power control result. 



 

Fig.10: Reactive power control result. 

 
Fig.11: DC-bus voltage control result. 

 
Fig.12: Measured currents in DC-bus. 

The currents in DC-bus are presented in Fig.12. These curves 
show that, the contribution of wind turbine Ired is close to 
injected current in inverter Iond, because DC-bus capacitor is 
charged during first operation. 

V- CONCLUSION 

In this paper, the authors present modeling and control 
strategies for offshore wind energy conversion system based 
on Permanent Magnet Synchronous Generators connected to 
electrical grid. Proposed control strategies are focused on 
PMSG speed control, DC-bus voltage management, and 
active/reactive power control. Simulation results show that, the 
proposed control strategies are satisfactory and controlled 
variables are very close to references ones. Based on this 
study, the PMSG seems to be interesting for offshore wind 
energy applications. 
 

APPENDIX 

TABLE I:  PMSG Parameters   

Parameters Symbols Values 
Rated power Pn 5 MW 
RMS voltage in the stator Usef 3.3 kV 
Resistance in stator  Rs 50 mΩ  
Stator inductance Ls 7.5 mH 
Number of poles pair   p 60 
PMSG inertia moment Jm 2x105 kg.m2 
Magnetic induced flux φ 28.6 Wb 

 

TABLE II: Parameters of wind turbine 

Parameters Symbols Values 
Radius of wind turbine R 60 m 
Air density ρ 1.225 kg/m3 
Optimal tip-speed ratio λopt 9.7 
Wind turbine inertia moment  Jt 30*106 kg.m2 
Maximum  power coefficient Cp(λopt) 0.53 

 

TABLE III: Parameters of DC-bus and Electrical grid 

Parameters Symbols Values 
DC-bus voltage reference           Vdcref 5 kV to 6 kV 
DC-bus capacitor                                C 25 mF 
Grid resistance Rres 60 Ω 
Grid inductance Lres 0.2 H 
Phase to phase RMS 
voltage of electrical grid 

emf 20 kV 
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