
      
 

 

 
INTERNATIONAL SCIENTIFIC CONFERENCE 

CIBv 2010 

12 – 13 November 2010, Braşov 

       

 

 ON MAXIMUM POWER FOR AN ELECTROAEOLIAN SYSTEM 
OPERATING AT VARIABLE WIND SPEED VALUES  

Marius BĂBESCU, Ioan BORZA, Ovidiu GANA, Florin LĂCĂTUŞU  

 “Politehnica” University of Timişoara 
 

Corresponding author: Ioan BORZA, E-mail: ioan.borza@ct.upt.ro 

Abstract: This paper proposes a simple method for determining the performance of 
a system composed of a wind turbine – (WT) and a permanent magnet synchronous 
generator (PMSG). By using the WT and PMSG characteristics, the system 
equations are deduced, from which can be calculated the basic variables: speed, 
currents, voltages, couples, operating at points of maximum power for specific 
wind speed values. For a certain wind speed, one can actually calculate all 
variables that define the points of maximum power operation 
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1. INTRODUCTION 

Eolian systems are becoming more and more frequent in areas with a multianual wind speed over 3  
[m/s] [2]. As the maximal power developed by a wind turbine (WT) depends on the cubic value of 
the wind speed, it is very important that the system formed by the Wind Turbine (WT) and the 
synchronic generator (WT + SG) function in the maximal power points [3].  
Mathematical models 
Below are presented the mathematical models for the turbine and generators. 
Wind Turbine – WT –  Mechanical traits of the WT in the working area are represented as right 
lines [2]. 

BAMT += ω  (1)

where: A, B – constant; ω  – mechanic angular speed 
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Fig.1: The couple of eolian turbine 

The turbine – WT – can develop for a certain wind speed a maximal power of: 

BAMT += ω
A
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The synchronic generator with permanent magnets (PMSG): 
In a dynamic mode the PMSG is characterized (orthogonal model) by the equations: 

 

(4)

The machine’s parameters are: 
  DR  -  resistance of the amortization winding on d axis; 
  QR  -  Resistance of the amortization winding on q axis; 

  DL  - the inductance of the amortization winding of d axis; 
  DdM  - mutual inductance between the entrance winding “d”  and the D winding; 
  QL  -  the inductance of the amortization winding on q axis; 
  QqM  - mutual inductance between entrance winding “q” and the Q winding; 

  1R  -  the resistance of the entrance winding; 
  dL  - the inductance of the entrance winding on d axis; 
  qL  - the inductance of the entrance winding on q axis; 

  sNΨ  - nominal entrance flux;  

  MPΨ  - permanent magnet flux; 
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In PMSG initial conditions (the starting functioning point) are to be deduced considering the 
algebraic system defined by the initial couple, motorM : 

 

(5)

 
2. MAXIMAL POWER FUNCTIONING 

 
The maximal power that can be developed – WT – depends on the cubic wind speed (V) [9] and the 
square of the angular rotation speed  (or ), as can be seen below 

 (6)

The points of maximum P1, P2, P3 are related to the V1, V2, V3 wind speeds and angular rotation 
speed  , , . 
The driving strategy for any electrical power generating eolian system implies the functioning of the 
system in points Pk, corresponding to the maximal power 

 

Fig.2: Variation of power in relation with angular speed 

A stable mode of functioning for the WT+AG system is reached in the  area.  
The load at PMSG can be: 

1) An array of electrical batteries – AE; 
2) Loading resistance – R; 

 
2.1.The WE + PMSG + AE system 

 
The driving system implies the estimation of optimal rotation  – at a wind speed – 
V –  and the command of the rectifier located between the PMSG and the electrical batteries – AE, 
so that the coordinates for the point of maximal power be reached: , . 



 On maximum power for an electroaeolian system operating at variable wind speed values   

 

76 

 
Fig.3 : Driving of system WT + PMSG + AE 

 
2.2. The system composed of  WT+PMSG+R, with R = load resistor 

 
In this configuration at the PMSG’s terminals a load resistor is attached – the resistor must be 
variable, in order to function at maximal power at a variable wind speed 

 

Fig.4 : Driving of system WT + PMSG + R 

 
2.3.Wind speed dependence of the couple. 

 
In the functioning area can be considered a linear mechanical parameter ,  for WT of the 
following type: [2] 

 (7)
where: - ω  - angular mechanic speed of the  WT’s axis; 
  - α,, 1Ka  - coefficients depending on the turbine’s geometry; to be calculated 
according to catalog data (as presented below): 
The coordinates for the point of maximal power, *

TVM  and *ω  are calculated with:  
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And therefore maxP  is: 
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From which: 5,1=α  şi deci 5,1
1 VKaMTV ⋅+⋅= ω . 
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3. CASE STUDY 

 
3.1. Case 1 – The coordinates of the maximal power point: 

 
Catalog data for the turbine [11]: 

400 =ω  [rad/s] – angular speed at no-load functioning; 
30=refω  [rad/s] – nominal (reference) angular speed for 5=refV  [m/s]; 
5=refM  [Nm] – nominal couple for 5=V  [m/s]. 

 No-load functioning:  5,1
1 VKaMTV ⋅+⋅= ω  and: 

5,1
1 5400 ⋅+⋅= Ka  (10)

For 5=refM  [Nm], 5=refV  [m/s] it results: 
5,1

1 5305 ⋅+⋅= Ka  (11)
From the equations above it results: 

5,0−=a , 5,11 5
20

=K  (12)

Finally, the mechanical parameter of the WT comes from the following equation: 
5,1

5
205,0 ⎟

⎠
⎞
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⎛⋅+⋅−=
VMTV ω   (13)

At a wind speed – V – the power of the turbine is: 
 (14)

And it is maximal at: 
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Which derives from    (16)

The coordinates of the maximal power point for V = 5 [m/s] are: 
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PMSG will work at a frequency of:  , 
 
Where:   - the number of the PMSG’s pairs of poles; 

 - the multiplication coefficient for the regulator located between WT and 
PMSG. 

The PMSG couple must become   times lower than the couple for the WT: 

 
(18)

 
Study Case 2 – The functioning of the WT + PMSG system for a wind speed V = 5 [m/s] 

 
Turbine data: 

VN = 5 [m/s] – wind speed;  [rad/s] for WT, and for the PMSG 
(through the regulator)  [rad/s]; 
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 [Nm] for WT, and for the PMSG through the regulator it results 

 [Nm]. 
PMSG data: 

 [H] – synchronic reactance in d axis;  [H] – synchronic 
reactance in q axis;  [Wb] –  the permanent magnet flux 

The PMSG equations are [1]: 

 

(19)

For a wind speed V = 10 [m/s] and the wind turbine in maximal power point functioning, the PMSG 
is analyzed through the equations: 

 

(20)

 (21)

For a wind speed V = 10 [m/s] and the wind turbine functioning in the maximal power point, the tri-
phased PMSG will deliver in the batteries AE an active power – P, a intensity IR, at the UR voltage: 

V = 10 [m/s]; P = 1596,9 [W]; IR = 0,8 [A]; UR = 663,47 [V]; F = 141,42 [Hz]. 
For a wind speed V = 5 [m/s] and the turbine functioning in the maximal power point the PMSG 
will deliver an active power in the batteries -AE,:  

P = 199,62 [W], 
At an intensity, voltage and tri-phased frequency with the following values: 

IR = 0,28297 [A]; UR = 235,14 [V]; F = 50,00 [Hz]. 
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For a wind speed V = 25 [m/s] and the turbine functioning in the maximal power point the PMSG 
will deliver an active power in the batteries -AE,: 

P = 24947 [W], 
At an intensity, voltage and tri-phased frequency with the following values: 

IR = 3,3 [A]; UR = 2502,20 [V]; F = 559,00 [Hz]. 
 

3. MECHANICAL CHARACTERISTICS – EXPERIMENTAL CHECK-UPS 
 

The mechanical characteristic of the WT has the following expression: 
5,1VbaMTV ⋅+⋅= ω  (23)

Two mechanical characteristics will be checked for wind speed = 4 [m/s] and 5 [m/s], as given 
below. 
For a wind speed V = 4 [m/s] the mechanical characteristic is represented by the line BC (B(2,21, 
C(7,0) ): 

4,292,44 +⋅−=− ωTVM  (24)
And for a wind speed V = 5 [m/s] is represented by the line AD (A(2,32), D(9,0) ): 

143,415714,45 +⋅−=− ωTVM  (25)
For V = 4 [m/s] the maximal power point – P1 has a value of: 

P1 = 51,45 [W] la  [rad/s], 
And for  V = 5 [m/s]  the maximal power point – P2 has a value of: 

P2 = 92,573 [W] la  [rad/s]. 
With the two values (P1 and  P2 ) the relation between the maximal power and the wind speed, namely:  

 (26)

Or                                                          (27)

 
Fig.5 : WT’s characteristics for V = 4 and V = 5 [m/s] 

 
From the maximal power point P1 = 51,45 [W] and P2 = 92,573 [W] it results: 

4,292,442,42,44 +⋅−=⋅+−=⋅+⋅−=− ωωω αα bVbMTV  (28)
And 

143,415,455,457,45 +⋅−=⋅+⋅−=⋅+⋅−=− ωωω αα bVbM TV  (29)
From the two relations it results: 

 
(30)

Or: 

 (31) 

From which:        . 
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As a conclusion, the mechanical characteristic of the WT for an average angle , 
can be calculated from the relation: 

5,1

4
4,2938,4 ⎟

⎠
⎞

⎜
⎝
⎛⋅+⋅−=
VMTV ω  (32) 

The maximal power point for a wind speed - V, derives from  the values for : 

 – angular speed; – couple 
 

4. CONCLUSIONS 
 

The paper allows the calculation of performance parameters for a system formed by a Wind Turbine 
(WT) and a Permanent Magnet Synchronic Generator (PMSG) working at maximal power. The 
relations for calculating mechanic angular speed (rotation), couple and maximal power according to 
the wind’s speed can be deduced. For this, the mechanical characteristics of the turbine – WT and 
the orthogonal model of PMSG are used. The experimental characteristics of the WT were used to 
confirm the mathematical model proposed.  
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