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Abstract 

Currently, variable speed wind systems based on the Brushless Doubly-Fed Induction Machine (BDFIM) are the 

most used in Wind Energy Conversion System (WECS). The main features of BDFIM are high reliability due to 

its brushless operating, lower capital and operational costs. This work presents a field-oriented control scheme for 

a BDFIG acting as a variable-speed generator. The presented vector control is determined on the power-winding 

stator-flux frame and can be employed to control both the speed and the reactive power. In addition, use of wind 

speed sensors by an anemometer, and maximize wind energy extraction Tip Speed Ratio (TSR) Maximum Power 

Point Tracker (MPPT) is proposed. Several simulation results under different operating conditions are provided to 

prove the effectiveness of the presented scheme. The obtained results show   the efficiency and validity of the 

proposed control strategy. 

Keywords: Brushless Doubly-Fed Induction Machine (BDFIM), Wind Energy Conversion System (WECS),Tip 

Speed Ratio (TSR), Maximum Power Point Tracker (MPPT). 

 

1. Introduction  

Generation of power from renewable energy sources is more promising due to its clean 

character and free availability. In the last two decades, research is been carried out specifically 

on wind power generation systems to capture more power at fluctuating wind speeds. With 

rapid development of wind turbine and power electronic technology. The Wind power 

generation systems with brushless doubly-fed generator (BDFIG) are of the following 

characteristics:1)vector control is applied to realize the decoupling control of active power and 

reactive power so that it is able to not only achieve maximum power point tracking (MPPT), 
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but support grid voltage as well,2) its reliability is expected to be improved and it is more 

suitable to be used even in severe weather conditions because the brush and slip rings are 

eliminated in BDFIG,3) the feeding converter only has to handle a partially rated power of 

BDFIG (the slip power), which means significant cost savings, compared with conventional 

systems with fully rated converter. Consequently, the wind power system with BDFIG is 

becoming one of the development trends worldwide in wind power generation field [1]. A no-

load mode simulation of cascade brushless doubly fed generator (BDFIG) was built according 

to the d-q mathematical model based on the double synchronous reference frame [2].This paper 

presented BDFIG analysis in detail and relying on the vector control algorithm via regulating 

the power as independent control of the active and reactive power of PW. The maximum power 

point tracking (MPPT) was implemented for optimal energy capture by the wind turbine MPPT 

with Tip Speed Ratio was confirmed by a simulation study and the system performance were 

evaluated in detail. 

2. Model mathematic 

2.1 Modeling of the wind energy conversion system 

2.1.1 Modelling of the wind turbine and gearbox 

Before the description of the wind turbine first let’s see its principle of function. The blades of 

the turbine are making in move by the kinetic energy of wind having the transformation of these 

energy to mechanical power and that make the turbine shift in rotation which train the generator, 

so the first thing to build the mathematical model is defining the wind power[12]: 

Pw =
1

2
ρSv3                                                                           (1) 

During the wind movement across the wind turbine the wind loses some speed by the flexible 

collisions with the blades. But behind the tower the wind keeps moving and that mean the wind 

turbine can’t take all the available kinetic energy of wind but there is a limit knowing as the Betz 

limit or the power coefficient Cp=16/27. Many researches were done to define the approximate 

formula of this coefficient but in this paper, we choose the next expression[12]: 

{
  
 

  
 Cp = 0.5176 (

116

λi
− 0.4β − 5) e

21

λi

1

λi
=

1

λ+0.08β
−
0.035

β3+1

λ =
Rωm

v

ωm =
Ω

G

                                         (2) 
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PT =
1

2
CpρSv

3                                                                         (3) 

Tm =
CpρSv

3

2ωm
                                                                             (4) 

2.1.2 Dynamical model of the BDFIG 

The BDFIG has two three-phase stator windings but with a different number of the pole pairs. 

One of the windings is supplied with the grid voltage with the frequency fs and has pp pole 

pairs namely power winding (PW),the other is supplied with the voltage having controlled the 

amplitude and the frequency fc and has pc pole pairs namely control winding (CW). Since the 

windings have different pole numbers, they do not link directly, but they are coupled through 

the rotor that has n = pp + pc.  pole numbers (not pairs). In order to produce the co-operative 

torque with both windings in the rotor, the conditions pp ωr = ωp and pc ωr = ωc have to be 

kept, from which [6]. 

ωr =
ωp − ωc

Pp + Pc
                                                                                     (5) 

The electrical equations of the BDFIG in the synchronous reference frame (d-q) are this given 

by [5][11]. 

{
𝑉𝑑𝑝 = 𝑅𝑝. 𝐼𝑑𝑝 +

𝑑Ѱ𝑑𝑝

𝑑𝑡
− 𝜔𝑝.Ѱ𝑞𝑝

𝑉𝑞𝑝 = 𝑅𝑝. 𝐼𝑞𝑝 +
𝑑Ѱ𝑞𝑝

𝑑𝑡
+ 𝜔𝑝.Ѱ𝑑𝑝 

}                                                   (6) 

{
𝑉𝑑𝑐 = 𝑅𝑐. 𝐼𝑑𝑐 +

𝑑Ѱ𝑑𝑐

𝑑𝑡
−  𝜔𝑐.Ѱ𝑞𝑐

𝑉𝑞𝑐 =  𝑐. 𝐼𝑞𝑐 +
𝑑Ѱ𝑞𝑐

𝑑𝑡
+ 𝜔𝑐.Ѱ𝑑𝑐

}                                                         (7) 

{
0 = 𝑅𝑟. 𝐼𝑑𝑟 +

𝑑Ѱ𝑑𝑟

𝑑𝑡
−  𝜔𝑟.Ѱ𝑞𝑟

0 = 𝑅𝑟. 𝐼𝑞𝑟 +
𝑑Ѱ𝑞𝑟

𝑑𝑡
+ 𝜔𝑟.Ѱ𝑑𝑟

}                                                              (8) 

𝜔𝑟 = 𝜔𝑝 − 𝑃𝑝 . 𝜔,   𝜔𝑐 = 𝜔𝑝 − (𝑃𝑝 + 𝑃𝑐)                                                  (9) 

The expressions for stator and rotor flux linkages are, [6][5] 

 {
Ѱ𝑑𝑝 = 𝐿𝑝. 𝐼𝑑𝑝 + 𝑀𝑝. 𝑖𝑑𝑟
Ѱ𝑞𝑝 = 𝐿𝑝. 𝐼𝑞𝑝 +𝑀𝑝. 𝑖𝑞𝑟

}                                                          (10) 

{
Ѱ𝑑𝑐 = 𝐿𝑝. 𝐼𝑑𝑐 + 𝑀𝑐. 𝑖𝑑𝑟
Ѱ𝑞𝑐 = 𝐿𝑝. 𝐼𝑞𝑐 + 𝑀𝑐. 𝑖𝑞𝑟

}                                                                     (11) 

{
Ѱ𝑑𝑟 = 𝐿𝑟. 𝐼𝑑𝑟 + 𝑀𝑝. 𝑖𝑑𝑝 + 𝑀𝑐. 𝑖𝑑𝑐
Ѱ𝑞𝑟 = 𝐿𝑟. 𝐼𝑞𝑟 + 𝑀𝑝. 𝑖𝑞𝑝 + 𝑀𝑐. 𝑖𝑞𝑐

}                                                 (12) 

The Electromagnetic torque is calculated as [7]: 

𝑇𝑒𝑚 =
3

2
𝑃𝑝(Ѱ𝑑𝑝. 𝑖𝑞𝑝 − Ѱ𝑞𝑝. 𝑖𝑑𝑝) +

3

2
𝑃𝑐(Ѱ𝑑𝑐 . 𝑖𝑞𝑐 − Ѱ𝑞𝑐 . 𝑖𝑑𝑐)                (13) 
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The active and reactive powers of the  PW are defined as [11]: 

{
𝑃𝑝 =

3

2
(𝑉𝑑𝑝. 𝑖𝑑𝑝 + 𝑉𝑞𝑝. 𝑖𝑞𝑝) 

𝑄𝑝 =
3

2
(𝑉𝑞𝑝. 𝑖𝑑𝑝 − 𝑉𝑑𝑝. 𝑖𝑞𝑝)

}                                                 (14) 

The three-phase voltages Vp and Vc are converted in the voltages Vdp, Vqp, Vdc, and Vqc 

with the help of the Park transformation with angles θp= ∫𝑤𝑝 𝑑𝑡 , and θc = θp − (Pp + pc) θr, 

where θr is the rotor angle the integral of its rotation speed. 

2.2 Vector control of the BDFM 

In order to be able easily control the electricity production of the wind turbine, the principle of 

vector control lies in the orientation of the flux in the machine to the stator, to the rotor, or to the 

air gap according to one of the two axes d or q . The main goal of vector control is the decoupled 

control of the rotor flux and electromagnetic torque of the generator to obtain high dynamic and 

static performance [7],(Fig. 1). This scheme is based on the cascade regulation method. Two 

independent regulation paths are implemented: 

Reactive power control: 

𝑄𝑝 → 𝑖𝑑𝑝∗ → 𝑖𝑑𝑐∗ → 𝑉𝑑𝑐∗ 

Active power electromagnetic torque or speed Control:  

𝑃𝑝 → 𝑖𝑞𝑝∗ → 𝑖𝑞𝑐∗ → 𝑉𝑞𝑐∗. 

Or 

𝑇𝑒𝑚 → 𝑖𝑞𝑝∗ → 𝑖𝑞𝑐∗ → 𝑉𝑞𝑐∗. 

 

Fig 1. Vector control scheme of BDFIM using a PI regulator 

2.2.1 Control of the BDFG with a PW field oriented 

The best-suited reference frame for the proposed control principle is the PW flux orientation, 

so, Ѱ𝑑𝑝 = Ѱ𝑝 and Ѱ𝑑𝑝 = 0 .If the d-axis of the PW synchronous reference frame is aligned 
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with the PW air gap flux, the Rp is neglected.  Then, the relation between the PW voltage and  

Ѱ𝑝 is [2]. 

{
𝑉𝑑𝑝 = 0,

𝑉𝑞𝑝 = 𝑉𝑝 = 𝜔𝑝.Ѱ𝑝,
}                                                             (15) 

{
Ѱ𝑑𝑝 = 𝐿𝑝. 𝑖𝑑𝑝 + 𝑀𝑝. 𝑖𝑑𝑟,
0 = 𝐿𝑝. 𝑖𝑞𝑝 + 𝑀𝑝. 𝑖𝑞𝑟,

}                                                       (16) 

2.2.2 Control of PW current 

To find of the ratio between the currents of the PW and the CW we consider the flux of the PW 

as a variable fixed by the supply voltage (independent variable). the relation between ip and ic 

gives as[7]: 

                                                                      
d idc

dt
  =  a xdc (idp) +

 a ydc (iqc, iqp,Ѱp ).                                                 (17) 

                                                                       
d iqc

dt
  =  axqc (iqp) +

 a yqc (idc, idp,Ѱp ).                                                  (18) 

Where  𝑎 𝑥𝑑𝑐 , 𝑎 𝑥𝑞𝑐  direct  relation between ip and ic.If in the control diagram we add the 

terms 𝑎𝑦𝑑𝑐 and 𝑎𝑦𝑞𝑐 through direct action (feed forward)[7]. 

𝑎 𝑥𝑑𝑐 =  
𝑅𝑟. 𝐿𝑝

𝑀𝑐 ∗ 𝑀𝑝
 𝑖𝑑𝑝 + 𝜎𝑝  

𝐿𝑝. 𝐿𝑟

𝑀𝑝.𝑀𝑐
 
𝑑 𝑖𝑑𝑝

𝑑𝑡
 .                                           (19) 

𝑎 𝑥𝑞𝑐 =  
𝑅𝑟. 𝐿𝑝

𝑀𝑐 ∗ 𝑀𝑝
 𝑖𝑞𝑝 + 𝜎𝑝  

𝐿𝑝. 𝐿𝑟

𝑀𝑝.𝑀𝑐
 
𝑑 𝑖𝑞𝑝

𝑑𝑡
 .                                           (20) 

𝑎𝑦𝑑𝑐 =  −
𝑅𝑟

𝑀𝑐 ∗ 𝑀𝑝
 Ѱ𝑝 − 𝑤𝑝 

𝜎𝑝. 𝐿𝑝. 𝐿𝑟

𝑀𝑝.𝑀𝑐
  𝑖𝑞𝑝 + 𝑤𝑝. 𝑖𝑞𝑐.                                (21) 

𝑎𝑦𝑞𝑐 =  𝑤𝑝 
𝜎𝑝. 𝐿𝑝. 𝐿𝑟

𝑀𝑝.𝑀𝑐
  𝑖𝑑𝑝 − 𝑤𝑝. 𝐼𝑑𝑐 −   𝑤𝑝

𝐿𝑟

𝑀𝑐 ∗ 𝑀𝑝
 Ѱ𝑝.                           (22) 

𝑊ℎ𝑒𝑟𝑒    𝜎𝑝 =  1 −
𝑀𝑝2

𝐿𝑝. 𝐿𝑟
                                                             (23) 

ip(s) =
𝐾𝑝

𝜏p 𝑠+1  
 a xc(s) ,           𝐾𝑝 =

𝑀𝑝.𝑀𝑐

𝐿𝑝.𝑅𝑟
 ,    𝜏p = 

𝜎p.Lr

Rr
                                (24) 

The linear regulator gives the value a xc, and by integrating ac we obtain the set value of  

ic.Where ac = 𝑎 𝑥𝑐 + 𝑎𝑦𝑐 

2.2.3 Control of CW current 

We obtained the voltage equation Vc in terms of ic. from the the electrical equations of the 

BDFIG  

𝑉𝑑𝑐 = 𝑉𝑥𝑑𝑐 (𝑖𝑑𝑐) +  𝑉𝑦𝑑𝑐 (𝑖𝑞𝑐, 𝑖𝑑𝑝, 𝑖𝑞𝑝,Ѱ𝑝 ).                                      (25) 
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𝑉𝑞𝑐 = 𝑉𝑥𝑞𝑐 (𝑖𝑞𝑐) +  𝑉𝑦𝑞𝑐 (𝑖𝑑𝑐, 𝑖𝑑𝑝, 𝑖𝑞𝑝,Ѱ𝑝 )                                        (26) 

The first term shows direct relation between Vc and ic, the second term presents a cross 

coupling with lower order compared to the first terms, and therefore can be neglected. The 

transfer function has first order [7]. 

ic(s) =
𝐾𝑐

𝜏p 𝑠+1  
 vc(s)       𝐾𝑐 =

1

Rc
  , 𝜏c = 

Lc−
Mc2

Lr.σp
 

Rc
 .                                       (27) 

2.2.4 Control of torque 

𝑇𝑒𝑚 =
3

2
(𝑃𝑝 + 𝑃𝑐).Ѱ𝑝 𝑖𝑞𝑝                                                         (28) 

This term shows the fact that the torque of the BDFM is directly related to iqp. 

2.2.5 PW power control 

The active and reactive powers of the PW exchanged with the machine depend only on the PW 

stator electric variable as has equation (14) .The PW is connected to the 50 Hz grid constant 

voltage, so the PW flux is maintained almost constant . In this way Qp, can be directly 

controlled by an adequate choice of  idp. Since the active power can be directly controlled using 

the iqp reference value [7][11]. 

{
Qp =

3

2
𝜔p.Ѱp idp

Pp =
3

2
𝜔p.Ѱp iqp

}                                                            (29) 

2.3 Maximum power point tracking (MPPT) control 

The main goal of using a MPPT algorithm is to operate the WECS around the maximum power 

for any variations of the wind speed. Several control schemes have been developed to perform 

the maximum power point tracking (MPPT) such as MPPT with Turbine Power Profile, MPPT 

with Optimal Torque Control, MPPT with Optimal Tip Speed Ratio [9]. In this paper we are 

interested on the TSR MPPT. 

2.3.1 MPPT with tip speed ratio 

The TSR control method regulates the rotational speed of the generator in order to maintain the 

TSR to an optimum value at which power extracted is maximum. This method requires both 

the wind speed and the turbine speed to be measured or estimated in addition to requiring the 

knowledge of optimum TSR of the turbine in order for the system to be able extract maximum 

possible power. (Fig. 2) shows the block diagram of a WECS with TSR control. 
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Fig 2. MPPT with Tip Speed Ratio of wind turbines. 

3. Results and discussion  

In order to show the performance given by the proposed scheme control of WECS based on 

BDFIG with TSR MPPT, various  numerical simulation were  done for a 2.5KW BDFIG.  

 

Fig 3. Power coefficient of rotor blades and wind speed 

This result  shows that, when the wind profile changes, Cp can quickly reach around the optimal 

value. The power coefficient is kept around its optimum when Cp-max = 0.5 

 

Fig 4. The electromagnetic torque and reactive powers 

The electromagnetic torque and its reference we get from MPPT with STR , which represents 

a good track of its reference and the reactive power which is kept zero. and verifies the 

decoupling between the electromagnetic torque and reactive power 
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From(Fig.5) and (Fig.6) it can be seen that correspond to the currents idp, iqp of the PW and 

idc , iqc of the CW.These currents can increase or decrease depending on the wind conditions. 

 

Fig 5. d-q PW current 

  

Fig 6. d-q CW current 

 

Fig 7. PW (abc) current 

Fig.7 represents the temporal evolution of the stator phase currents iabc of PW. We note that 

these currents have a constant frequency whatever the operating regime .   

Fig.8 shows the temporal evolution of the phase currents iabc of CW. We notice that these 

currents have a variable frequency which changes with the speed of rotation. 
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Fig 8. CW (abc) current 

Consequently, between the active and reactive powers, this leads to a good control of the power 

flow between grid and the machine at all time and the MPPT with TSR can be realized. In the 

end, it can be observed from the simulation result that the control of system BDFG-wind turbine 

has good performance 

4. Conclusions  

In this paper, a vector control of brushless doubly-fed induction machine associated in WECS 

which is driving by TSR MPPT was well explained. To guarantee the maximum generator 

power with weak oscillations and fast enough to keep up the wind speed variation with the 

optimal λ and the maximal Cp an TSR MPPT has proposed. 

The obtained simulation results prove the validity of the proposed scheme control and the 

advantage of working with TSR MPPT to make the wind turbine operate at its optimum power 

point for large range of wind speed even in the presence of very variable wind speed. 
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