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Doctor Thesis Title: “Experimental Assessment with Wind Turbine Emulator of
Variable-Speed Wind Power Generation System using Boost Chopper Circuit of
Permanent Magnet Synchronous Generator "

Abstract: This thesis verifies the performance of a Variable-Speed Wind Power
Generation System (VSWPGS) using Permanent Magnet Synchronous Generator
(PMSG) and Boost Chopper Circuit (BCC) experimentally. The assessments are
conducted with a test bench using a Wind Turbine Emulator (WTE). The WTE
reproduces the shaft torque of a wind turbine (WT) for an arbitrary wind velocity by
the servo motor drives. The shaft-torque reference of servo motor drive is estimated
in real time based on the blade element momentum theory (BEMT) by using
windmill wing profiles, wind velocity data, and windmill rotational speed. Also the
difference of inertia between the WT and the servo motor is compensated
simultaneously. The WTE is newly-proposed for the experimental assessment. The
tested VSWPGS using BCC has three speed control modes to the wind velocity. By
combining the three control modes, the VSWPGS using BCC can extend the variable
speed range more than conventional control methods. The experimental assessments
shows that the VSWPGS using the BCC can reduce the costs while improving the
reliability of the whole system, and has the same performance as the VSWPGS using
a PWM converter of benchmark.

Chapter 1 Introduction

After discussing the necessity of harnessing the renewable energy. This chapter looks
back into history of the wind power generation systems. The features of wind power
generation systems, which have been put into practical use, are organized. For the
VSWPGS handled in this thesis, the structure and the operating principles are
referred, and the research background supporting the research objective of this thesis
is described.

Chapter 2 Operating principle of the variable-speed wind power generation system
The structure and the operation principles of the VSWPGS using PMSG used for
system interconnection are described. Each control principles of VSWPGS using
BCC or PWM converter handled in this thesis is explained. The differential
equations describing the systems, which are necessary for modeling in simulation,
are explained.

Chapter 3 Assessment with simulation of the variable-speed wind power generation
system

The modeling method using MATLAB/Simulink is explained. The modelling is
conducted based on the simultaneous differential equations describing each system.
Also, this chapter explains the modeling method of the WT. The design method for
control parameters of the VSWPGS using BCC or PWM converter are explained, and
the parameters necessary for the simulation are shown. The simulation is conducted
for the conditions of the low, medium and high wind velocity. The simulation results




for each VSWPGS are shown, and the validity of the control principle for each
VSWPGS is proved.

Chapter 4 Wind turbine emulator

This chapter explains the operating principle and the structure of WTE based on the
BEMT. Also the structures of the test benches using the WT or WTE are explained.
The simulation results of the VSWPGS using PWM converter are compared with the
experiment results obtained with the test bench using WTE under the same
conditions of low, medium and high wind velocities. Furthermore, under the
conditions of natural winds, the experiment results obtained with the bench using
WTE or WT for the VSWPGS using PWM converter are shown. The obtained
experimental results are validated, and they show that the proposed WTE for the
experimental assessment has a sufficient performance.

Chapter 5 Experimental assessment of variable speed wind power generation system
The experimental assessment for the VSWPGS using PWM converter or BCC are
conducted with the test bench using WTE under the conditions of low, medium, and
high wind velocities. By comparing the experimental results of both VSWPGS, it is
shown that the VSWPGS using BCC can extend the variable speed ranges compared
to conventional control methods. Also the each element of the system, which are used
for experimental assessments, is discussed. Then it is shown that the VSWPGS
using BCC can reduce the costs and improve the reliability of the whole system, and
it has the same performance with the VSWPGS using PWM converter of a
benchmark.

Chapter 6 Conclusion

The comprehensive discussions based on the obtained results are conducted, and the
obtained research outcomes are clarified.
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