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Abstract

Due to the various advantages of Brushless Cascaded Doubly Fed Induction Generators (BCDFIG), they are an attractive solution to be employed in
grid-connected wind energy systems. In this paper, a novel direct power control strategy based on backstepping algorithm, is proposed for BCDFIG.
The most well-known traditional control method for BCDFIG is the vector control strategy, which has several disadvantages such as dependence on
the operating point, the need for accurately adjusting the parameters of multiple PI controllers, etc. The operating principles of the proposed method are
based on controlling the references of active and reactive powers, by using the backstepping algorithm and defining appropriate Lyapunov function.
The proposed controller overvomes the aforementioned drawbacks of the vector control method and improves its performance in different operating
conditions. Finally, the proposed and vector control schemes for BCDFIG have been implemented in the MATLAB/Simulink software and their
performances are compared.
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1-  Short Paper

DFIG generators are among the most widely used generators in wind energy systems connected to the grid. Despite its many advantages, this generator
suffers from problematic defects such as the presence of brushes, slip rings and gearboxes and also low reliability in the event of an error in the system.
As a replacement to overcome the disadvantages of DFIG, the researchers of this field have suggested to use the brushless type (BDFIG) as a more
effective choice. BDFIG has a complicated and expensive internal structure due to the placement of two stator coils with two different poles inside its
single frame. In the evolved type of BDFIG, the two stator windings are separated with two separate machine frames and the structure of two separate
machines with electrical and mechanical rotor coupling (BCDFIG) has been introduced, which in addition to having the advantages of DFIG, has greatly
reduced the aforementioned defects. The conventional control method for BCDFIG is the vector control, which suffers from transient distortion, the
presence of four PI blocks, torque ripple, and possible deteriorated performance for the condition of grid voltage disturbances. The proposed direct
power control method based on the Backstepping algorithm can effectively overcome the disadvantages of the vector control scheme.

2- Proposed Work and Methodology

This paper develops a direct power control scheme based on backstepping algorithm for BCDFIG. First, the structure of BCDFIG is modeled and its
equations are developed in three-phase and two-phase rotating frames. Moreover, the conventional vector control method and its equations are provided
and simulated for BCDFIG. Next, the equations of the proposed direct power control method based on backstepping algorithm are developed for
BCDFIG and the corresponding simulations are conducted. Based on these simulation results, the performance of the proposed strategy is compared
with vector control method and its advantages are studied.

3-  Conclusion

In this article, a novel control method of direct power control based on backstepping algorithm is presented for BCDFIG. Compared to DFIG
configuration, BCDFIG has several advantages, such as elimination of brushes, slip rings and gearboxes, as well as improved performance and high
reliability in case of a system fault in the application of wind energy systems connected to the grid. The principles of the direct power control method
are based on the backstepping algorithm and designing a propoer Lyapunov function which can provide appropriate control performance and the ability
to maintain it in the presence of disturbances and uncertainty of parameters. According to the equations of the proposed method and simulation results,
it could be concluded that the direct power control method based on the backstepping algorithm has several advantages over the vector control method,
including elimination of four PI blocks and the trouble of choosing their coefficients, no dependency on machine parameters and better behavior in the
steady and transient states. The better performance of the proposed method in high-performance applications is due to the lower ripple and distortion
and smoother oscillations in steady state.
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