
Abstract—A steady-state time-stepping analysis of a single-
phase permanent magnet synchronous generator (PMSG) with 
different capacitor arrangements for voltage regulation is 
presented in this paper.  The analyzed arrangements of the 
single-phase PMSG are the direct connection to the load 
(conventional), a parallel capacitor connection with the load and 
a proposed connection. The proposed uses a quadrature auxiliary 
winding with a serial capacitor; this circuit is parallel connected 
with the main winding. To carried out the steady-state time-
stepping analysis, it was used a magnetodynamic two 
dimensional (2D) finite element (FE) single-phase PMSG model. 
The simulation results prove that the proposed configuration has 
advantages over the typical parallel capacitor configuration. 

    
Index Terms—Permanent magnet machines, generator, finite 

element method. 

I. INTRODUCTION 

Nowadays, permanent magnet synchronous generator 
(PMSG) is being used widely due to its high efficiency, low 
volume and cost. The application of PMSGs in single-phase 
power plants is attractive because the advantages mentioned 
above.  The single-phase PMSG power plants are used in 
domestic and rural applications. A known problem of PMSGs 
is the voltage regulation. The terminal voltage is decreasing 
when the load increases. The easiest and cheapest way to 
regulate the terminal voltage is adding a capacitor in parallel 
connection with the load [1], [2].   There are several ways to 
regulate the voltage in a PMSG including electronic power 
converters, hybrid generator (wound rotor, and permanent 
magnet rotor) and pole shape modifications. In small power 
plants is important to maintain a low cost in its construction, 
for this reason a single-phase PMSG combined with a 
capacitor bank is a good option. The steady-state analysis of 
this machine is important to understand its behavior and select 
the correct capacitor value [3]-[7].  

In this paper a steady-state time-stepping analysis of a 
single-phase PMSG with a capacitor is carried out with a 
magnetodynamic two dimensional (2D) finite element (FE) 
model. Three different configuration of the single-phase 
PMSG feeding the load were analyzed. The first configuration 
is the conventional way to feed the load without capacitor, as 
presented in Fig. 1a. The second configuration uses a 
capacitor in parallel connection with the load as shown in Fig. 
1b; it is the typical way to increase the voltage in electrical 
systems. The third is a proposed configuration; it consists in 
an auxiliary winding in quadrature with the main winding of 
the PMSG stator as in Fig 1c. Several steady-state time-
stepping simulations of the single-phase PMSG model with 
different capacitor values were done to show the performance  
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Fig. 1. Single-phase PMSG configurations. a) Conventional connection. b) 
Parallel capacitor connection. c) Proposed connection. 

 
of the machine. The simulation results reveal that the 
proposed configuration has a better voltage regulation than the 
typical parallel capacitor configuration when they use the 
same capacitor values. 

 

II. 2D-FE PMSG MODEL 

A 2D-FE magnetodynamic model of a PMSG was built to 
analyze the configuration mentioned above. The analyzed 
machine is a 10 salient poles, ferrite permanent magnets 
single-phase PMSG. The generator was modeled in a 
commercial software Flux 2D. The mesh model was 
constructed only with one-pole of the PMSG by using 
periodicity conditions. The mesh contains 17160 nodes and 
5720 second order 2D finite elements. The one pole geometry 
and its magnetic vector potential are shown is Fig. 2. In the 
proposed configuration (Fig. 1c) the auxiliary winding A is 
fourth times the turns of the main winding. The main winding 
M and the auxiliary winding A occupy 2/3 and 1/3 of the 
stator slots respectively. 
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Fig. 2. One pole geometry and magnetic vector potential of the single-phase 

PMSG. 

 

III. SIMULATION RESULTS 

A terminal voltage steady-state time-stepping solution 
against rotor position of the PMSG conventional configuration 
(Fig. 1a) is presented in Fig. 3, where the PMSG is feeding a 
resistive load of 15 Ω. Several steady-state time-stepping 
simulations were done to compare the terminal voltage of the 
different configurations depicted in Fig. 1. The comparison 
was carried out by using two different capacitor values as 
shown in Fig. 4a and Fig. 4b, where the capacitor values are 4 
and 8 µF respectively. The capacitor values were selected 
arbitrarily, because the aim is to see the terminal voltage 
behavior. Fig. 4 reveals that the proposed capacitor 
configuration has the bigger increase in terminal voltage than 
the parallel capacitor connection. The proposed connection 
has an auxiliary winding which is a fourth times the 
impedance of the main winding. The parallel capacitor 
connection shows a decreasing in terminal voltage in 
comparison with the conventional and proposed connection.  
In parallel capacitor connection, the PMSG does not improve 
the terminal voltage with the used capacitor values. The best 
improvement in the terminal voltage is reached with the 
proposed connection, because it is be able to increment the 
terminal voltage with lower capacitor values. The correct 
selection of the capacitor and the analysis of the single-phase 
PMSG efficiency will be presented in the full paper. 

 

 
Fig. 3. Terminal voltage against rotor position of the conventional single-

phase PMSG configuration with a resistive load of 15 Ω. 
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Fig. 4. Terminal voltage against resistive load of the conventional, parallel and 
proposed configuration. a) C = 4 µF. b) C = 8 µF. 

IV. CONCLUSIONS 

A steady-state time-stepping analysis of a single-phase 
PMSG of different capacitor arrangement configurations was 
presented in this paper. The novelty of this work is that the 
proposed capacitor configuration has a better improvement in 
the terminal voltage than the conventional and parallel 
capacitor configuration. 
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