
作品摘要

本作品研製一個以FPGA為基礎之垂直軸風力發電機最大功率追蹤(Maximum Power Point Tracking, MPPT)充電

器數位控制IC，並將輸出之電能儲存於48V蓄電池中，提供直流負載使用。因風力發電機之最大功率點於

不同風速下皆不相同；且風速可能變化很快，為使發電系統達最大功率輸出，本作品採用傳統的擾動觀察

法及直線近似法之混合型方法做為風力發電機之最大功率追蹤控制法則。模擬方面，使用PSIM軟體工具建

立風力發電模擬系統，藉以分析所設計風力發電系統控制器於不同風速下，電能轉換及最大功率追蹤狀

況，做為此數位控制IC電路設計之依據。

數位控制IC設計以VHDL程式語言設計，先於Simulink、PSIM、ModelSim共同模擬環境下，驗證閉迴路數位

控制系統之正確性，最後將數位控制電路下載到Altera Cyclone FPGA晶片，於不同風速下進行實驗，驗證系

統之可行性。

本作品除了可應用於固定位置之風力發電充電站外，亦可安裝於移動性的垂直軸風力發電電動車上，讓電

動車邊走邊充電。
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Abstract

In this work we design an FPGA-based digital control IC of Maximum-Power-Point-Tracking (MPPT) charger for 

vertical-axis wind turbine generators. The output of the charger is connected to a 48V battery to supply power to a 

DC load. Because the maximum power point is not the same under the di�erent wind speeds, which may change 

abruptly, we use the mixing of the conventional perturbation and observation algorithm and a linear approximation 

method to get the maximum output power of the wind turbine generation system. The simulation system of 

wind-turbine generation is built in PSIM simulation software tool and used to analyse the converter and MPPT 

system operation under di�erent wind speed conditions. The digital contral IC is then designed on the basis of the 

simulation results.

The digital control IC circuit has been designed using VHDL hardware description language. The simulation models 

for the MPPT controller have also been constructed and veri�ed by using Simulink, PSIM and ModelSim cosimulation 

tools. The designed control circuit has been implemented on an Altera Cyclone FPGA logic device. Simulation and 

experimental results are shown to verify 

the viability of the proposed wind energy 

conversion system.

This work can be not only applied to 

a fixed wind-turbine charged station, 

but also to an electric vehicle which is 

equipped with the vertical-axis wind-

turbine generation system, so that the 

generation system can be charged while 

the vehicle is moving.
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