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Abstract. In this paper, it was considered to investigate a new electrical architecture for the conversion of 

mechanical energy from renewable sources into electrical energy, fault tolerant and high energy and 

dynamic performance for the exploitation of marine renewable energy (MRE). The architecture to be 

investigated concerns a three-phase permanent magnet synchronous generator combined with a Vienna 

rectifier, with a topology that minimizes the number of active switches to increase the reliability of the 

energy conversion chain. Despite the high non-linearity of this architecture, this control is made possible 

through to the dynamic performance and control of the maximum switching frequency of the self-oscillating 

controller called the Phase-Shift Self-Oscillating Current-Controller (PSSOCC). The study of the impact of 

the connection of the PMSG neutral to the mid-point of the DC bus is being investigated. 

1 Introduction 

   Marine energy is one of the most interesting emerging 

form of renewable energy. Tidal turbines are used to 

extract this energy and installed on the seabed, 

permanent-magnet synchronous generators (PMSG) are 

common in this case due to their efficiency and high-

power density. The PMSG can be associated with an 

PWM rectifier or with a three-phase diode rectifier [1-3]. 

In this paper  the PMSG is combining with a three-phase 

rectifier of the Vienna type [4–6]. This new fault 

tolerant conversion architecture is of particular interest 

in the case of the exploitation of marine renewable 

energies where access to facilities is difficult. However, 

this topology is highly non-linear. The establishment of 

the equivalent continuous dynamic model is not easy. 

The regulation of the currents constituting the internal 

loops is ensured by a phase-shift self-oscillating current-

controller (PSSOCC). In this paper, after presenting the 

architecture of the complete energy conversion chain, 

we recall the PMSG model in the natural base, then we 

explain the current control strategy and describe in a 

synthetic way the PSSOCC. Then we are interested in 

the study of the impact of the connection or not of the 

neutral point of the PMSG to the mid-point of the DC 

bus, on the time behavior of the chain of the PMSG-

rectifier association Vienna.  

2 Description of the energy conversion 
chain 

   Figure 1. shows the complete chain of conversion of 

energy from marine currents into electrical energy. The 

PMSG is a 500 kW. Compared to the PWM rectifier, the 

Vienna rectifier has only 3 IGBTs instead of 6, which 

reduces the number of active switches and improves the 

reliability of the AC-DC power conversion stage. The 

inverter allows the conversion of DC-AC electrical 

energy to grid frequency. The Vienna control signals are 

generated by the three-phase PSSOCC that controls the 

PMSG phase currents and the PWM function. 

 
Fig. 1. Architecture of the energy conversion chain 

 

   Subsequently, the study focuses on the PMSG-Vienna 

rectifier association. The part concerning the connection 

to the network is modelled by a variable resistance. In 

this study we assume that variation of the speed marine 

currents is low and that the PMSG speed is assumed to 

be constant and equal to 272.7 rpm, with a frequency of 

50Hz. 

3 Dynamic model of the PMSG 

   The permanent magnet synchronous generator with 

smooth poles and a sinusoidal distribution. the 

phenomenon of saturation, effect of temperature and iron 
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losses are neglected. The expression of stator voltages is 

given by the following relationship: 

 [Vs] = [Rs].[is] + 
      

  
                            (1) 

Where:  

[Vs] = [Vas   Vbs    Vcs ]
T                                          (2)  

 

[is] = [ia  ib     ic ]
T                                 (3) 

       

 [Rs] = diag[Ra Rb Rc]                            (4)      

          

 [ϕs] = [ϕas   ϕbs     ϕcs ]
T                            (5)              

The expression of magnetic flux is given by: 
                                             (6) 

With:                  
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The electrical equations of the PMSG in the natural 

base, are written in matrix form: 
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Where: Ψ is the flux of permanent magnets and P is the 

number of pole pairs. 

   The voltage equations of the PMSG for each phase are: 
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   In the case of the neutral of PMSG is connected to the 

DC bus, (Figure 2.), we have:                      (13)      
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   Fig. 2. PMSG-Vienna rectifier, neutral connected  

By summing equations (10), (11), (12), we can easily 

deduce: 

                    
   

  
                           (14) 

   The phase voltage can be expressed as a function of 

the phase current (ia) and the current in the neutral (iN), 

we obtain: 
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  Where:                           
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 In the case of the neutral of PMSG is not connected to 

the DC bus (neutral floating), (Figure 3.), we have: 

 

                                              (17) 

 

The phase voltage become:               
    

       (18) 

ia

Ea

ib

Eb

ic

Ec

C1

C2

N

Uc/2

-Uc/2

Uc1

-Uc2

Sa

Sb

Sc

Va
D1 D3 D5

D2 D4 D6

L

o

a

d

Rs

Rs

Rs

Lc

Lc

Lc

 

Fig. 3. PMSG-Vienna rectifier, neutral not connected (floating) 

4 Control strategy and current 
regulation 

   In this study, the generator currents are controlled in 

the ABC frame. To achieve the objective of collinearity 

of the current and emf vectors, the emf must be 

previously tabulated or estimated in real time on the one 

hand, and the reference of the current vector must be in 

phase with the emf vector on the other hand. 

   The tracking of current references is ensured by the 

PSSOCC [7-8] whose performances have been shown 

through many applications using static converters 

integrated in electrical energy conversion chains [9-10], 

speed variators, active filters, sinusoidal absorption 

converters... The PSSOCC is a self-oscillating regulator, 

of analog type with very high dynamics (very wide 

bandwidth). Its advantages include maximum switching 

frequency control, very low sensitivity to system 

parameters and good stability and low THD in the 

currents. Its principle involves two basic functions: the 

regulation of the current by low frequencies and the 

control of the switching frequency in high frequencies. 

Sound complete study was done in [11]. Figure 4. shows 

the basic synoptic of the PSSOCC. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. Basic overview of the self-oscillating controller 

 

   The transfer functions F1(p), F2(p) and RT represent 

respectively the "voltage-current" transfer function of the 
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load, the transfer function of a second-order low-pass 

filter and the transfer function of the current sensor. The 

status of the converter depends on the error ε(t). If the 

error ε(t) is positive, the output of the converter u(t) is 

positive. If the error ε(t) is negative, the output u(t) of the 

converter is negative. The filter F2 is calculated in such a 

way that the system voluntarily oscillates. The 

oscillation frequency obtained represents the maximum 

switching frequency. It has been shown that the system 

oscillates when a phase rotation of -180° is introduced 

by filters F1(p) and F2(p). The natural frequency f0 of 

the filter F2 is higher than the cut-off frequency of the 

filter F1 so that at the oscillation frequency, the phase 

shift introduced by the latter is almost equal to -90°. At 

the oscillation frequency the phase shift introduced by 

the F2 filter is also close to -90°. The error detector 

introduces a 180° phase rotation on the signal at the 

output of the filter F2. Therefore, the phase shift 

introduced by the error detector and filters assembly is 

zero. 

5 Study the impact of the connection of 
the PMSG neutral and the mid-point of 
the DC bus 

   Two cases were investigated according to the PMSG 

neutral connection mode (Figures (5., 13.)). The entire 

inverter-grid is modelled by a variable resistive load. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. Neutral connected 

 
Fig. 6. Current phase one, MLI signal (Neutral connected) 

 
Fig. 7. Current in neutral (Neutral connected) 

 
Fig. 8. Voltage Vc1 (Neutral connected) 

 
Fig. 9. Current ic1 (Neutral connected) 

 
Fig. 10. Voltage Vdc (Neutral connected) 

 

Fig. 11. Power at the load terminal (Neutral connected) 

 
Fig. 12. Current at the load terminal (Neutral connected) 

 
Fig. 13. Neutral not connected (floating) 
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Fig. 14. Current phase one, MLI signal (neutral floating) 

 
Fig. 15. Voltage Vc1 (neutral floating) 

 
Fig. 16. Current ic1 (neutral floating) 

 
Fig. 17. Voltage Vdc (neutral floating) 

 
Fig. 18. Power at the load terminal (neutral floating) 

 

Fig. 19. Current at the load terminal (neutral floating) 

 
Fig. 20. Harmonic analysis of the current in the neutral 

 
Fig. 21. Harmonic analysis of the current ic1 (Neutral 

connected) 

 
Fig. 22. Harmonic analysis of the voltage Vc1 (Neutral 

connected) 

 

   The simulations were performed using 

Matlab/Simulink software. Figure 14. represents the 

phase current of the machine for the case neutral floating, 

the regulators (PSSOCC) ensure a good tracking of the 

current references within the physical limit of the system. 

Indeed, when the reference current passes through zero, 

the (PSSOCC) maintains the control signal of the ON 

switch so that the measured current reaches its reference. 

If the neutral is connected, the zero-sequence current and 

multiples of 3 exist as shown by the harmonic analysis of 

the phase current. In the case of the neutral connected to 

the DC bus (Figure 6.), the phase current is disconnected 

from its reference at zero crossings, which is related to 

the structure of the Vienna and the instantaneous values 

of the emf.  

   Figure 7. represents the current flowing in the neutral. 

We notice that it is at a frequency of (3*f) compared to 

the fundamental, which is due to the appearance of 

harmonic 3 and its multiples (Figure 20.). 

The way the neutral is connected to an influence on the 

voltages of both capacitors (C1 and C2), or in the case of 

the floating neutral (Figure 15.), generates undulations of 

the voltage Vc1, which is not the case when the neutral is 

connected (Figure 8.). 

Figures 10. and Fig. 17. show the DC bus voltage for 

both cases of the neutral connection mode, we can see 

that there is a small difference between the two values, 

the difference is due to the effect of mutual inductance 

between the different phases. Figures 11. and 18. 
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represent respectively the power at the load terminal for 

the both cases, the same thing is noticed with the case of 

the two voltages. 

 The currents at the load terminal for both cases are 

illustrated in the Figures 12. and Fig. 19., and the Figures 

(9., 16.) represent the current ic1 at the capacitor (C1) for 

the both cases of neutral connection mode. 

The harmonic analysis of the current and the voltage at 

the capacitor terminal for the case of the neutral 

connected shows the appearance of the harmonic 3 

(Figures 21., 22.). 

The deformation of the current induces harmonics, 

which are given in the following tables:  
 

Table 1. Harmonic distortion coefficient in the current phase of 

the Vienna neutral connected 

Converter Vienna: neutral connected with the mid-

point of the DC bus 

Harmonic 

rank 
3 5 7 9 

(%) of the 

fundamental 

2.30 2.25 2.09 1.79 

 

 

Table 2. Harmonic distortion coefficient in the current phase of 

the Vienna neutral not connected 

Converter 
Vienna: neutral not connected with the 

mid-point of the DC bus (floating neutral) 

Harmonic 

rank 

3 5 7 9 

(%) of the 

fundamental  

0 0.29 0.18 0 

 

 

Table 3. Parameters of the machine 

Number of pole 

pairs 

p 11 

Phase Resistance Rs (ohm) 6.3060*10(-4) 

Leakage inductance Lf (H) 3.0918*10(-5) 

Mutual inductance Ms (H) 2.2848*10(-5) 

Capacitor C1 = C2  (mF) 2200 

Maximum flow Ψmax (Wb) 0.3244 

6. Conclusion 

Despite the high non-linearity of the architecture 
studied, through the use of the PSSOCC, the currents of 
PMSG follow the references optimizing energy 
conversion within the physical limits of the system. The 
simulations conducted show the impact of the 
connection of the neutral to the mid-point of the DC bus 
on the quality of the phase currents and DC bus voltages.  
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