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l. INTRODUCTION 

Several devices have been developed to convert the wave 
energy into electricity. According to [l], there are about 200 
wave energy companies around the world and they count with 
devices in different degrees of development. A review of the 
most import technologies developed so far can be found in [2]. 
A very interesting group of wave energy converters (WEC) is 
composed of direct drive systems which are characterized by 
having a simpler mechanical structure compared to others. In 
this type of systems, the power take-off part (PTO) is usu- 
ally composed of a permanent magnet synchronous generator 
(PMSG). For instance, a linear PMSG can be found in different 
technologies such as the Archimedes Wave Swing (AWS) 
[3], and the Uppsala/Seabed AB Wave Energy Converter [4]. 
Both technologies are classified as submerged and floating 
oscillating bodies, respectively, according to the classification 
presented in [5]. In the linear PMSG, the electricity generated 
is related to the linear speed developed by the moving part of 
the generator, the translator, which in tum depends on the buoy 
motion. Due to the nature of the ocean waves, this electricity 
presents high variability both in amplitude and in frequency. 
For this reason, direct drive systems require power electronics 
to convert this very irregular electricity to a form suitable for 
the grid connection. 
Actually, grid connection is a challenge for renewable 
energies and it can be seen from two different point of views: 
the generator-side and the grid-side. The generator-side is 
related to the part of the system from the generator design to 
the ac-dc conversion (ac-dc stage). The grid-side corresponds 
to the dc-ac stage and all the implications concerning the 
connection to the grid, such as the control of voltage, fre- 
quency and active/reactive power. In this way, the application 

 
 

of power electronics in renewable energy systems is essential, 
in addition of playing a key role in maintaining a good power 
quality service. Many topologies and control strategies have 
been developed to improve the efficiency of power generation 
from renewable energies, especially for wind energy, that has 
matured over the years and, nowadays, reaches high levels of 
penetration into the grid. 

The case of wave energy is not different and many efforts 
are devoted to improve the WEC efficiency. In this sense, 
contributions on the WEC controller have been presented in 
the technical literature and a summary of these can be found in 
[6]. Theoretically, the optimal absorbed power by the WEC is 
reached when the buoy velocity is in phase with the excitation 
force. As there is no control directly on the floating body, 
the way to achieve this condition is acting on the PTO force. 
Particularly for direct drive systems, the converter in the ac- 
dc stage can be used to improve the WEC efficiency by 
acting on the resisting force in the linear PMSG. Thus, the 
objective of the work presented in this paper is to evaluate the 
behavior and the performance of a three-phase fully-controlled 
converter with three different current control strategies facing 
the very atypical electricity generated and, also, to verify their 
responses for the WEC optimization method presented in [7], 
where a resistance is emulated by a boost-rectifier and it is 
shown as an alternative way to improve the WEC efficiency. 

Section II of the paper describes the WEC model used in the 
simulations. Section III summarizes the main characteristics of 
the control strategies under study. Finally, in Section IV, the 
simulation data are introduced and results commented. 










