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This paper deals with the study of a grid tie small power dual rotor counter rotating wind system. The mechanical energy 
delivered by the two rotors with fixed-pitch blades is converted into electricity by two permanent magnet synchronous 
generators operating in parallel, each one being equipped with a maximum power point tracking system. The two machines are 
designed and analyzed by finite element method implemented into the software package Flux ® and the parameters of each 
machine are extracted and used in a Matlab/Simulink model that includes the turbines, the generators and all the power 
electronics blocks required for the grid tie energy conversion system. 

 
1. INTRODUCTION 

Wind energy is one of the most exploited renewable 
energy sources in the world. Wind conversion systems 
(WCS) provided in 2016 about 10.4 % of the electric 
energy demand of the European Union [1]. In the same 
year, the WCS produced in Romania (according to 
Transelectrica SA data) about 12.16 % of the total 
consumed electricity. 

The common wind turbines have horizontal axis and 
the rotor is equipped with three blades. The wind kinetic 
energy is converted into rotational mechanical energy by 
the wind turbine and then into electricity by synchronous 
or asynchronous generators [2–7].  

The conversion efficiency of a wind turbine can be 
increased by replacing the classical three-blade rotor with 
two counter-rotating rotors spinning at different speeds. 
This solution was analyzed in many papers especially 
from mechanics and aerodynamics point of view [8–10].  

The common electric generators used for the 
counter-rotating wind systems (CRWS) have two moving 
parts, an inner one with permanent magnets (PMs) and an 
outer one (an armature) equipped with three-phase 
windings system spinning in opposite direction [11]. Such 
machines have brushes and slip rings, elements that 
reduce the equipment reliability. 

Another possible solution that can be used as electric 
generator for CRWS is proposed in [12] and consists of an 
inner PM synchronous generator (PMSG) driven by the 
high speed turbine (small diameter turbine) which produces 
electricity to energize the rotor circuit of a bigger outer 
induction generator (IG) driven by the low speed turbine 
(large diameter turbine). The presence of the IG operating 
at small speeds makes this solution less interesting from 
efficiency point of view.  

The electro-mechanical converter used for the CRWS 
to produce electricity, which is analyzed in this paper, has 
a special topology, with two coaxially embedded PMSGs 
for space savings reasons, Fig. 1. The use of PMs on both 
generators makes them more efficient and reliable since 
no brushes are used. The design of the machines was carried 
out using analytical calculation models and the solutions 
were refined by finite element method (FEM) implemented 
in Flux ® software package [13]. The generator parameters 
were estimated by FEM and used further to design the 
control system of a small power grid tie CRWS, using 
Matlab-Simulink ® software package. 
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Fig. 1 – Main parts of the studied CRWS. 

2. DESIGN OF PMSGS FOR CRWS 

The embedded PMSGs dedicated to CRWS were sized 
using analytical models and the obtained solutions were 
refined by FEM. The preliminary value of the stator bore 
diameter D was calculated using the following expression 
[14]: 
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where λ is the machine shape factor, p is the number of 
pole pairs, Si is the inner apparent power, nn is the 
machine rated speed, and C is the materials utilization 
coefficient.  

The number of turns per phase w1 was calculated as 
follows [14]: 
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where kB is a coefficient depending on the shape of e.m.f.,  
kE is the ratio between the e.m.f. and terminal voltage, kw 
is the winding factor, fn is the rated frequency and Φ is the 
magnetic flux per pole. 

The FEM analysis of the machines was carried out 
using the professional software package Flux ® [13]. The 
2D computation domain for no-load operation of the 
machines, the main physical regions and the FE mesh are 
shown in Fig. 2. 
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The machines analysis was carried out by solving 2D 
transient magnetic field problems governed by the 
following partial differential equation expressed in 
magnetic vector potential A [13]:  
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where μ is the magnetic permeability, Hc is the coercive 
magnetic field of permanent magnets, J is the current 
density flowing through the stator coils (a priori 
unknown).  

In order to solve (3), circuit models are associated to 
the electromagnetic field models of the machines.  

Dirichlet boundary conditions (A = 0) are imposed on 
the outer and inner boundaries of the FEM computation 
domain.  
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Fig. 2 – FEM 2D computation domain and mesh. 

By solving (3) the chart of the magnetic flux density of 
the two coaxially embedded PMSGs in no-load operation 
are obtained as shown in Fig. 3.  

 
Fig. 3 – Main parts of the studied PMSG (cross sectional area). 

The main data obtained by analytical and FEM 
calculations for the two coaxially embedded PMSGs are 
shown in Tables 1 and 2. The FEM analysis allowed also 
determining the machine parameters that were extracted to 

be used in Matlab-Simulink simulations of the control 
system of the CRWS. 

Table 1 

Main data of the high speed PMSG 

Rated power [VA] 400 
Rated voltage [V] 150 
Rated current [A] 1.54  

Phase resistance [Ω] 7.04 
Ld inductance [mH] 21.15 
Lq inductance [mH] 29.52 
Rated speed [rpm] 750 
No. of pole pairs 4 

Axial length [mm] 150 
Stator bore diameter [mm] 44 

Table 2 

Main data of the low speed PMSG 

Rated power [VA] 600 
Rated voltage [V] 150 
Rated current [A] 2.31  

Phase resistance [Ω] 2.83 
Ld inductance [mH] 5.08 
Lq inductance [mH] 8.42 
Rated speed [rpm] 600 
No. of pole pairs 6 

Axial length [mm] 50 
Stator bore diameter [mm] 138 

3. MATLAB-SIMULINK MODEL 
OF CRWS CONTROL SYSTEM  

The numerical model of the CRWS control system is 
developed using Matlab-Simulink environment and it is 
decoupled from the analytical calculation and FE analysis 
of the two PMSGs. 

The ac electrical energy produced by each of the two 
PMSGs is characterized by variable frequency and 
voltages, depending on the wind speed. That is why an ac 
to dc conversion module should be used in the first stage. 
Then, the obtained dc energy is converted back to ac at 
constant parameters imposed by the grid to which the 
CRWS is connected. This process is depicted in Fig. 4 
using a general bloc diagram. 

The wind turbines and PMSGs have been modeled 
using specific Simulink/PowerSystems blocks as shown in 
Fig. 5. The machines parameters were obtained previously 
by analytical and FEM calculations. The wind turbines 
have fixed blades so their pitch angles were set to zero 
degrees in the reference p.u. wind turbine model implemented 
in Matlab-Simulink environment. The turbine models 
used for computations The ac to dc conversion is ensured 
by two diode rectifiers (Fig. 7).  

In order to extract the maximum power, the system 
must operate as close as possible to the peak point of the 
wind turbine power characteristics. This task is accomplished 
by a dc to dc converter (Fig. 8) controlled by a maximum 
power point tracking (MPPT) algorithm detailed in Fig. 6. 

The maximum power points of the two turbines and 
correspond to certain generator speed values, were 
mapped for different wind speeds into specific lookup 
table blocks. A proportional integral (PI) controller 
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compares this “desired” value with the real generator 
speed and sends a command to the dc to dc converter in 
order to decrease this error. In this way the generator speed 
will change to reach the maximum power operation area. 
A dc to dc boost converter was chosen because the PMSG 
has a low output voltage.   

The whole system is connected to a three phase power 
grid (0.4 kV, 50 Hz), using controlled inverters as in Fig. 9. 
The synchronization between each inverter and the power 
grid is assured by grid voltage measurement (Fig. 10).    

The grid was modeled as a three phase ac source with a 
high power series RL load as in Fig. 11.  

 

 
Fig. 4 – Block diagram of the CRWS tied to a three-phase ac grid. 

 

 
Fig. 5 – Details of wind turbines & PMSG block. 

 
Fig. 6 – Details of MPPT control block. 

 
Fig. 7 – Details of rectifiers block.  

 

Fig. 8 – Details of MPPT dc-dc boost converters block. 

 

Fig. 9 – Details of grid tie inverters block.  

 
Fig. 10 – Details of grid inverters control block.  
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Fig. 11 – Details of 0.4 kV three phase grid block.  

The PMSGs are permanent magnet synchronous machine 
blocks from Simulink library that operates as generators. 
Sinusoidal model was adopted, this assumes that the stator 
magnetic flux has a sinusoidal distribution and that the 
electromotive forces are also sinusoidal.  

The PMSG equations (4) are expressed in the rotor 
reference frame (dq frame). All quantities in the rotor 
reference frame are referred to the stator [15].   
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where: 

Ld, Lq – d and q axis inductances, 
R – resistance of the stator winding 

iq, id – q and d axis currents 
vq, vd – q and d axis voltages 
ωm – angular velocity of the rotor 
λ – amplitude of the flux produced by the permanent 

magnets in the stator phases 
p – number of pole pairs 
Te – electromagnetic torque. 

4. NUMERICAL RESULTS 

The proper operation of the control system of the 
CRWS was tested by analyzing its response to a wind 
speed profile described by a step-like function shown in 
Figs. 12 and 14.  

The control systems response in terms of output 
electric power at dc busbar level is shown in Fig. 12 for 
the high speed wind turbine and in Fig. 14 for the low 
wind speed turbine. The output power expressed in p.u. 
for each turbine and for each wind speed level is added on 
the corresponding wind turbine characteristics as shown in 
Figs. 13 and 15 respectively. 

 

Fig. 12 – Response of high speed wind turbine.  

 
Fig. 13 – Power characteristics of high speed wind turbine. 

 

Fig. 14 – Response of low speed wind turbine.  

 

Fig. 15 – Power characteristics of low speed wind turbine. 

The numerical results show that both counter rotating 
wind turbines operate in the maximum power range and 
the control systems are well adjusted providing high 
performance results. The obtained electric powers are 
slightly smaller than the maximum ones manly due to the 
losses dissipated in the PMSGs and rectifiers.  

5. CONCLUSIONS 

This paper deals with the numerical analysis of a small 
power grid tie CRWS. The electric drive proposed in the 
paper, based on an electro-mechanical converter with two 
coaxially embedded PMSGs, is an original, reliable and 
compact brushless solution, different from the existing 
ones, detailed in [11] and [12].  

The design of the machine was based on analytical 
calculation as well as on FEM analysis (Flux ® software 
package). The parameters of the PMSGs were extracted 
from electromagnetic field solution and inserted into the 
control system of the CRWS whose operation was simulated 
using Matlab/Simulink development environment.  
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The operation of the control system of the CRWS was 
analyzed in various wind conditions and the numerical 
results proved a proper response and a reliable design. 
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