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Abstract: The technology of back to back converters are 

used for direct‐driven PMGS with wind turbine. The 

generation‐side converter gives guaranty of the maximum 

power and the smooth operating of the generator through 

the double‐loop control scheme of the maximum ratio of 

torque to current. The grid‐side converter adopts the 

synchronous reference frame of grid voltage orientation, 

realizing the decoupling control of the active and reactive 

power. Meanwhile, the working state of the converter can 

be maintained in a unity power factor state. The simulation 

results show that the converters are not only realizes the 

dynamic control of the system but also ensures the high 

quality of the electricity delivered to the grid. 

 

I. INTRODUCTION 

Now days, due to concern of global warming, immerging 

area of research are renewable resources as they give free and 

clean energy. Among them, wind and solar energy are most 

focused area for researches. Due to cost reduction of high 
quality permanent magnet material, new area of research is 

PMSG as the requirement of excitation system is not there 

and PMSG can work on variable speed. So it became 

possible to operate multi pole PMSG without gearbox. As 

result, PMSG became interacting solution for wind energy 

problem. Problem in integration arise in case of PMSG due to 

variable frequency because of variable speed. But back to 

back convertor is essential solution as IGBT have quick 

switching capability. This Paper discuss about control 

stratergies about developed for converters at grid end and 

turbine end. This paper also check performance of PMSG 
with wind turbine with different variable speed Section I 

gives introduction and Section II gives brief of Mathematical 

Model of PMSG and wind turbine. Section III shows 

developed control stratergies and which is evaluated it 

performance in section IV. 

 
Fig. 1. Schematic diagram of PMSG based wind turbine 

connected to Grid 

 

II. MATHEMATICAL MODEL 

The description and the modeling of the wind turbine 

equipped with a PMSG are described throughout this section. 

Because the paper is focused mainly on the control of the 

generator side converter for large wind turbine applications, 

only the wind turbine components until the DC-link will be 

presented. Fig. 1 presents the basic topology of a PMSG 

driven wind turbine connected to the utility grid. 

 

A. Wind Turbine Model  
The mechanical power extracted from the wind can be 

expressed as follow: 

Pm = 
1

2
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where ρ is the air density (kg/m3 ), r is the blade radius (m), 

ω is the wind speed (rad/s), Cp (λ, β) is utilization factor of 

wind power with a maximum value is about 0.5, and it could 

be expressed as: 
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where β is the pitch angle, λ is the tip speed ratio. The wind 

turbine mechanical torque output Tm is given by: 

𝑇𝑚  =
𝑃𝑚

𝜔
                 (5) 

Therefore, a generic equation is used in order to model the 
mechanical power based on the modeling turbine 

characteristics described as: 

Pm = 
1

2
 𝐶𝑝𝜋𝜌𝑅

2  
Π  𝑅

30 𝜆
 
𝛽

𝑛3             (6) 

Equation (6) shows that the mechanical power is a function 
of the rotational speed for any particular wind speed. 

 

B. Modeling of PMSG 

First it makes the following assumptions: 

 Linear magnetic circuit;  

 Completely symmetrical three-phase windings;  

 Ignoring the cogging;  

 Excluding core loss.  

According to the assumptions above, we establish the 

mathematical model of PMSM in the α-β axis rotating 

coordinate system in a series of equations that include the 
flux, mechanical motion and torque. 

The PMSG mathematical model is described in the α-β 

reference system as follows: 
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𝑑𝜓𝑠

𝑑𝑡
=  −𝑖𝑠𝑅𝑠 +  𝑢𝑠 (7) 

where, 𝑅𝑠 is the stator resistance and the expression for the 

electromagnetic torque can be described as: 

𝑇𝑒 = 1.5 𝑝𝑛   𝜓𝑠𝛼 𝑖𝑠𝛽 + 𝜓𝑠𝛽 𝑖𝑠𝛼  
 (8) 

And 𝑝𝑛  denotes the number of pole pairs. In addition, the 

dynamic equation of the wind turbine is given as: 

𝑇𝑚   = 𝑇𝑒 +  Β𝜔 + 𝐽 
𝑑𝜔

𝑑𝑡
 (9) 

where J is the total inertia, B is the viscous friction 

coefficient and Tm is the mechanical torque developed by 
turbine. 

 

Control Strategy of System 

Control Strategy of Generator‐Side Converter 

The control objectives of generator‐side converter is 

guaranting the point tracking of the maximum power and the 

smooth operating of the generator. We use maximum ratio of 

torque to current control strategy to accomplish this goal. The 

relationship between electromagnetic torque 𝑇𝑒 , 𝑖𝑑   and 𝑖𝑞  is 

as follows. 

 
 
 

 
 𝑇𝑒 =   − 𝑖𝑑  (1 −  𝑖𝑑)3

𝑖𝑞 =  
1

2
 (1 −  2𝑖𝑑)2 − 1

𝑖𝑑 =
1

4
 (1 − 1 + 8𝑖2

𝑠  )

                           (10) 

The simulation using multi polepair PMSG, 𝐿𝑞  > 𝐿𝑑  .When 

PMSG using the maximum ratio of torque to current control 

strategy, 𝑖𝑑  < 0 ,in other words, the essence of this control 

scheme is to use direct axis current demagnetization effect. 

So we can control the generator dq axis current real‐time by 

the relation of formula. Figure 2 is generator side converter 

control block diagram. 

 
Fig. 2. generator side converter control block diagram. 

 

In a sampling cycle, suppose the torque change is caused 
only by the change of current vector. Stator reference voltage 

𝑢𝑑
∗ and 𝑢𝑞

∗ can be solved by the formula, then use SPWM 

technology modulate switch signal to realize the control of 

generator. 

Control Strategy of Grid‐Side Converter 

Grid‐side converter is controlled by double closed loop. 

The purposes are: 
(1) The stability of DC voltage; 

(2) Inverter’s power factor is 1; 

(3) The input grid current contain low harmonics 

Double closed loop include voltage outer ring and current 

inner ring. The role of voltage outer ring is to make the 

active power track the change of the load, because of 

whether the DC voltage of is constant or not depends on 
whether active power is balance,therefore the voltage outer 

ring decide whether the DC bus voltage is stable.Through 

controlling the current inner ring, the reactive power on the 

AC side can be regulated. Inverter working in unit power 

factor can also be realized. We use grid voltage oriented 

control strategy, make synthesize grid voltage vector 

oriented in the d axis of synchronization coordinate system. 

In the dq0 axis , the active power and the reactive power of 

grid‐side converter are respectively: 

 
𝑃 = 1.5  𝑒𝑑 𝑖𝑑  +  𝑒𝑞 𝑖𝑞 = 1.5 𝑒𝑠𝑖𝑑

𝑄 = 1.5  𝑒𝑞 𝑖𝑑  +  𝑒𝑑 𝑖𝑞 = 1.5 𝑒𝑠𝑖𝑞

   (11) 

 
Fig. 3. Grid side converter control block diagram. 

If 𝑃 > 0, then the grid‐side converter works under rectifying 

state; if 𝑃 < 0, then the grid‐side converter works under 

inverting state; if 𝑄 = 0, then the grid side convertorʹs power 

factor is 1. 

Figure 5 shows the control block diagram of grid‐side. 

 

Simulating Validate 

Simulation of back to back convetor 

 
Fig. 4. Simulation model for integration of PMSG to grid. 
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In order to proving the correctness of the proposed control 

stetergy, a back to back convertor with PMGS was designed 

in the Matlab which is shown in fig 3. Table 1 & 2 shows the 

simulation parameter. 
TABLE 1: THE SIMULATION PARAMETERS OF THE 

THREE‐LEVEL INVERTER 

Paramater Values 

DC voltage 𝑈𝑑𝑐 𝑉  1100 

Filter inductance 𝐿 𝑚𝐻  3 

Filter capacitor 𝐶 𝜇𝐹  50 

Load impedance 𝑅 Ω  3.5 

Load inductive reactance 

𝑋𝐿 𝑚𝐻  

10 

Switch frequency 𝐹𝑠  𝑘𝐻𝑧  10 

 

Simulation of PMSG System 

Table 2 display the simulation parameters of PMSG system. 

Paramater Values 

Wind turbine radius  𝑟 𝑚  55 

Rated wind speed 𝑣 (𝑚 𝑠)   12 

Rated speed  𝜔 (𝑟𝑎𝑑 𝑠)   38 

Rated power 𝑃 𝑀𝑊  1.0 

Air density  𝜌 (𝑘𝑔 𝑚3)   1.25 

Poles pairs P 5 

Stator resistance 𝑅𝑠 Ω  0.006 

DC bus voltage 𝑈𝑑𝑐 V  1000 

DC bus capacitance 𝐶 𝜇𝐹  3000 

Rms grid line voltage 𝑒𝐴𝐵𝑚𝑠 V  690 

Grid fundamental frequency 

𝜔 (𝑟𝑎𝑑 𝑠)   

314 

 

FIGURE SHOWS THE SIMULATION RESULTS OF 

WHOLE SYSTEM. 

 
Fig. 5. Wind speed. 

 
Fig. 6. Active power feed to grid. 

 
Fig. 7. DC‐BUS VOLTAGE. 

 
Fig. 8. GRID‐ SIDE THREE PHASE CURRENT. 

 
Fig. 9. Mechanical Power input to PMSG from Wind turbine 

 
Fig. 10. Electrical Torque generated in PMSG. 

 
Fig. 11. Direct & indirect axis current of Grid. 

 

Conclusion 

Results shows that this control stetergies can work on 
variable speed system. Shown simulation results show that 

generator‐ side can realize the maximum wind power 

tracking, and makes the generator operate stably and 

efficiently by using double closed loop control based on 

maximum ratio of torque to current. The grid‐ side converter 

adopts the synchronous reference frame based control 

technique for grid voltage orientation, realizing the 

decoupling control of the active and reactive power while 

feed‐ in grid high quality electrical energy, it also improves 

the stability of the whole system. 
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