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Abstract— In this paper, a new medium voltage power 

converter topology using a diode rectifier, three-level boost 

converter and neutral-point-clamped (NPC) inverter is 

proposed for a high-power permanent magnet synchronous 

generator-based wind energy conversion system. A 

significant improvement in the grid power quality is 

accomplished as the NPC inverter no longer controls the dc-

link neutral point voltage. A model control strategy is 

proposed to control the complete system where the discrete-

time models of the proposed power electronic converters are 

used to predict the future behavior of control variables. 

These predictions are evaluated using two independent cost 

functions, and the switching states which minimize these 

cost functions are selected and applied to the generator- and 

grid-side converters directly. In order to comply with the 

high-power application, the switching frequencies of the 

BOOST converter and NPC inverter are minimized and 

maintained below 1.5 and 1 kHz, respectively.      

Key words: Neutral point clamped (NPC)  

I. INTRODUCTION 

The first electronics revolution began in 1948 with the 

invention of the silicon transistor at Bell Telephone 

Laboratories by Bardeen, Bratain, and Schockley. Most of 

today’s advanced electronic technologies are traceable to 

that invention, and modern microelectronics has evolved 

over the years from these silicon semiconductors[1]. The 

second electronics revolution began with the development of 

a commercial thyristor by the General Electric Company in 

1958[2]. That was the beginning of a new era of power 

electronics. Since then, many different types of power 

semiconductor devices and conversion techniques have been 

introduced[3][4]. The demand for energy, particularly in 

electrical forms, is ever-increasing in order to improve the 

standard of living. 

 
Fig. 1: Five level boost converter and npc inverter 

Power electronics helps with the efficient use of 

electricity, thereby reducing power consumption. 

Semiconductor devices are used as switches for power 

conversion or processing, as are solid state electronics for 

efficient control of the amount of power and energy flow[5]. 

Higher efficiency and lower losses are sought for devices for 

a range of applications, from microwave ovens to high-

voltage dc transmission. New devices and power electronic 

systems are now evolving for even more effective control of 

power and energy[6]. 

Power electronics has already found an important 

place in modern technology and has revolutionized control 

of power and energy[7]. As the voltage and current ratings 

and switching characteristics of power semiconductor 

devices keep improving, the range of applications continues 

to expand in areas such as lamp controls, power supplies to 

motion control, factory automation, transportation, energy 

storage, multi megawatt industrial drives, and electric power 

transmission and distribution. The greater efficiency and 

tighter control features of power electronics are becoming 

attractive for applications in motion control by replacing the 

earlier electro-mechanical and electronic systems[8]. 

Applications in power transmission include high-voltage dc 

(VHDC) converter stations, flexible ac transmission system 

(FACTS), and static-var compensators. In power 

distribution these include dc-to-ac conversion, dynamic 

filters, frequency conversion, and Custom Power System. 

Almost all new electrical or electromechanical equipment, 

from household air conditioners and computer power 

supplies to industrial motor controls, contain power 

electronic circuits and=or systems[9]. In order to keep up, 

working engineers involved in control and conversion of 

power and energy into applications ranging from several 

hundred voltages at a fraction of an ampere for display 

devices to about 10,000 V at high-voltage dc transmission, 

should have a working knowledge of power electronics. 

II. SYSTEM CONFIGURATION 

The four diodes labelled D1 to D4 are arranged in “series 

pairs” with only two diodes conducting current during each 

half cycle. During the positive half cycle of the supply, 

diodes D1 and D2conduct in series while diodes D3 and D4 

are reverse biased and the current flows through the load. 

 
Fig. 2: Diode rectifier 

 
Fig. 3: Full wave rectifier with smoothing capacitor 
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The smoothing capacitor converts the full-wave 

rippled output of the rectifier into a smooth DC output 

voltage. Generally for DC power supply circuits the 

smoothing capacitor is an Aluminium Electrolytic type that 

has a capacitance value of 100uF or more with repeated DC 

voltage pulses from the rectifier charging up the capacitor to 

peak voltage[10]. However, there are two important 

parameters to consider when choosing a suitable smoothing 

capacitor and these are its working voltage which must be 

higher than the no-load output value of the rectifier and its 

capacitor value, which determines the amount of ripple that 

will appear superimposed on top of the DC voltage[11]. Too 

low a capacitance value and the capacitor has little effect on 

the output waveform. But if the smoothing capacitor is 

sufficiently large enough (parallel capacitors can be used) 

and the load current is not too large, the output voltage will 

be almost as smooth as pure DC[12]. As a general rule of 

thumb, we are looking to have a ripple voltage of less than 

100mV peak to peak. 

The maximum ripple voltage present for a Full 

Wave Rectifier circuit is not only determined by the value of 

the smoothing capacitor but by the frequency and load 

current. 

III. SIMULATION RESULT AND DISCUSSION 

 
Fig. 4: Simulation of five level boost converter 

 
Fig. 5: Simulation output of five level boost converter 

 
Fig. 6:  Simulation diagram of five level  npc inverter 

 
Fig. 7: Simulation output of five level npc inverter 

IV. CONCLUSION 

A new MV power converter topology consisting of a diode 

rectifier, TLB converter, and NPC inverter is proposed for 

highpower PMSG-WECS. The proposed configuration 

combines the advantages of generator-side PFE and grid-

side multilevel operation. A simple, low cost, reliable, 

efficient, and promising solution has been obtained for the 

MV operation of the WECS compared to the BTB-NPC 

converters. The added benefit of this configuration is that 

the dc-link capacitor voltages are balanced during all 

operating conditions by the TLB converter, and thus, there is 

no need to develop a complex control system for the NPC 

inverter to handle the dc-link capacitor voltages balancing 

task. A model predictive control strategy is proposed to 

control the complete wind energy system. Compared to the 

BTB-NPC converters, with the proposed topology, the 

numbers of switching states are decreased from 54 to 31, 

and thus, lower computational burden has been 

accomplished. Using the discrete-time model of the system, 

two individual control loops are developed, and they 

generate the gating signals to the TLB converter and NPC 

inverter based on the minimization of cost functions. The 

use of linear controllers and modulation stage are eliminated 

with the proposed FCS-MPC strategy, and as a result, fast 

dynamic response has been obtained. The MPPT and neutral 

point voltage are effectively controlled by the TLB 

converter, while net dc-bus voltage and reactive power are 

regulated by the NPC inverter. Because of the control 

freedom for the NPC inverter,a significant improvement in 

the grid power quality has been achieved. Through the 

simulation and experimental results, it has been 

demonstrated that the FCS-MPC strategy performs very well 

in achieving the control goals for the complete wind energy 

system 
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