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Abstract 

A comprehensive control of a wind turbine system connected to an industrial plant is discussed 

in this paper where an algorithm has been developed allowing a control structure that utilizes a 

four-leg inverter connected to the grid side, to inject the available energy, as well as to work as 

an active power filter, mitigating load current disturbances and enhancing power quality. A four-

wire system is considered with three phase and single-phase linear and nonlinear loads. During 

the connection of the wind turbine, the utility side controller is designed to compensate the 

disturbances caused in presence of reactive, non-linear and/or unbalanced single- and intra-phase 

loads, in addition to providing active and reactive power as required. When there is no wind 

power available, the controller is intended to improve the power quality using the DC-link 

capacitor with the power converter attached to the grid. The main difference of the proposed 

methodology with respect to others in the literature is that the proposed control structure is based 

on the Conservative Power Theory decompositions. This choice provides decoupled power and 

current references for the inverter control, offering very flexible, selective and powerful 

functionalities. Real time software benchmarking has been conducted in order to evaluate the 

performance of the proposed control algorithm for full real-time implementation. The control 

methodology is implemented and validated in hardware-in-the loop (HIL) based on Opal-RT and 

a TI DSP. The results corroborated our power quality enhancement control, and allowed to 

exclude passive filters, contributing to a more compact, flexible and reliable electronic 

implementation of a smart-grid based control. Index Terms--Conservative power theory, Four-

leg voltage source converter, Hardware-in-the-loop, Power quality, permanent magnet 

synchronous generator.  

INTRODUCTION Tremendous developments in the wind 

turbine industry supportingthis energy 
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source as a mainstream renewable resource, 

with competitive costs in $/kWh when 

compared to traditional fossil fuel power 

plants. This development is due to the 

advancement in electrical generators and 

power electronics. The main issue with 

renewable energy is that the power is not 

always available when it is needed. With the 

increase of power production of renewable 

resources, utility integration has been 

developed and implemented and power 

electronic inverters are used to control 

active/reactive power, frequency, and to 

support grid voltage during faults and 

voltage sags .Several control approaches 

have been introduced in the literature for 

wind turbine in standalone and grid 

connected systems. 

 The machine side controllers are 

designed to extract maximum power point 

from wind using hill-climbing control, 

fuzzy-based, and adaptive controllers, most 

of the time based on field-oriented or vector 

control approach. The grid side controllers 

are designed to ensure active and reactive 

power is delivered to the grid. In order to 

allow the theoretical framework, different 

power theories have been proposed and 

implemented in electrical power systems to 

analyze current and voltage components, 

such as the instantaneous power (PQ) theory 

for a three-phase system made by Akagi. In 

PQ theory, the three-phase is transformed 

into a two-phase reference frame in order to 

extract active and reactive components in a 

simplified manner. A three-phase power 

theory in a broader perspective has been 

introduced, known as the conservative 

power theory (CPT), where the current and 

voltage components are derived in the three-

phase form, without requiring any reference-

frame transformation. 

 The performance of these theories 

has been compared in .This paper proposes a 

control structure in three-phase four wire 

systems that provide more functionality to 

the grid-side converter of a wind turbine 

system using the CPT as an alternative to 

generating different current references for 

selective disturbances compensation, where 

both single- and three-phase loads are fed. 

Three-phase, four-wire inverters have been 

realized using conventional three-leg 

converters with “split capacitor” or four-leg 

convert. In a three-leg conventional 

converter, the ac neutral wire is directly 

connected to the electrical midpoint of the 

dc bus. In four-leg converter, the ac neutral 
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wire connection is provided through the 

fourth switch leg. The “four-leg” converter 

topology has better controllabilitythe 

GLOBAL capacity of installed wind 

turbines has rapidly increased in the last few 

years, by 2013 there were about 300 GW of 

installed wind capacity . There have 

beenthan the “split-capacitor” converter 

topology. The considered system consists of 

single- and three-phase linear and nonlinear 

(balanced and unbalanced) loads. The CPT 

is used to identify and to quantify the 

amount of resistive, reactive, unbalanced, 

and nonlinear characteristics of a particular 

load under different supply voltages 

condition for four-wire system.  

This paper is the journal version of 

our presented work in the 2015 Industry 

Applications Society (IAS) Annual Meeting 

.The organization of the paper is as follows. 

Section II presents the utility-connected 

wind turbine system considered in this 

paper. In Section III, a brief review of the 

CPT for three-phase circuits is presented. 

Section IV presents the control design of the 

back-to-back converter system.. Finally, the 

conclusion of this paper is presenteda 

diagram of a utility connected industrial 

system addressed in this paper.  

The structure of the power converter 

used in the wind turbine system is a back-to-

back converter with a permanent magnet 

synchronous generator (PMSG) connected 

to the same bus with the loads. The loads are 

a combination of linear and highly inductive 

loads causing harmonics at the point of 

common coupling (PCC).  

The model of the wind turbine 

system considered in this paper is described 

in. The generator of the system is based on 

the PMSG. The model of the PMSG used in 

this paper is presentedthe purpose of the 

machine side converter is to track the 

optimum point of the rotor to extract the 

maximum power existing in the turbine. For 

a given wind turbine, the maximum power 

occurs at the maximum power coefficient of 

the turbine .For a given wind speed, there is 

an optimum rotor speed that gives the 

optimum tip speed ratioThen, this optimum 

rotor reference is subtracted from the 

measured rotor speed to produce the speed 

error. 

 As shown in, a rotor speed controller 

is designed to generate the quadrature 

current reference to the internal current 

controller.The direct current reference in this 

paper is set to zero. Thedetail of the 
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controller design procedure is presented in. 

The parameters and values of the grid-side 

system and the load are illustrated the outer 

loop depicted in Fig. 8 is a slower loop 

regulating the dc-link voltage. The dc-link 

keeps the power balance between the power 

which is delivered to the system in the 

output of the inverter and the power in the 

dc-link. The desired inverter output current 

is the summation of the active current 

provided from the wind (iactive) and the 

compensation of unwanted load current 

disturbances delivered by theCPT technique. 

The block diagram of the system in the “s” 

plane shown in Fig. 5 is designed in an 

abcframe based on the classical frequency 

response analysis method. Consider the grid-

tied four-leg inverter of Fig. 3 and the 

current control loop block diagram. 

Such currents represent the minimum 

portion of the phase currents, which could 

be associated with a balanced equivalent 

circuit, responsible for conveying the total 

active power (P) in the circuit, under certain 

voltage conditions. 

WIND POWER GENERATION 

2.1 Wind Turbines 

Wind turbines, like aircraft propeller blades, 

turn in the moving air and power an electric 

generator that supplies an electric current. 

Simply stated, a wind turbine is the opposite 

of a fan. Instead of using electricity to make 

wind, like a fan, wind turbines use wind to 

make electricity. The wind turns the blades, 

which spin a shaft, which connects to a 

generator and makes electricity. 

2.2 Wind Turbine Types 

Modern wind turbines fall into two basic 

groups; the horizontal-axis variety, like the 

traditional farm windmills used for pumping 

water, and the vertical-axis design, like the 

eggbeater-style Darrieus model, named after 

its French inventor. Most large modern wind 

turbines are horizontal-axis turbines. 

2.2.1Turbine Components 

Horizontal turbine components include:  

• blade or rotor, which converts the 

energy in the wind to rotational shaft 

energy; 

• a drive train, usually including a 

gearbox and a generator; 

• a tower that supports the rotor and 

drive train; and 
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• Other equipment, including controls, 

electrical cables, ground support 

equipment, and interconnection 

equipment. 

 

Fig:Turbine components 

2.3 Turbine Configurations 

Wind turbines are often grouped together 

into a single wind power plant, also known 

as a wind farm, and generate bulk electrical 

power. Electricity from these turbines is fed 

into a utility grid and distributed to 

customers, just as with conventional power 

plants. 

2.3.1 Wind Turbine Size and Power 

Ratings 

Wind turbines are available in a variety of 

sizes, and therefore power ratings. The 

largest machine has blades that span more 

than the length of a football field, stands 20 

building stories high, and produces enough 

electricity to power 1,400 homes. A small 

home-sized wind machine has rotors 

between 8 and 25 feet in diameter and stands 

upwards of 30 feet and can supply the power 

needs of an all-electric home or small 

business. Utility-scale turbines range in 

size from 50 to 750 kilowatts. Single small 

turbines, below 50 kilowatts, are used for 

homes, telecommunications dishes, or water 

pumping. 

2.4 Wind Energy Resources in the United 

States 

Wind energy is very abundant in many parts 

of the United States. Wind resources are 

characterized by wind-power density 

classes, ranging from class 1 (the lowest) to 

class 7 (the highest). Good wind resources 

(e.g., class 3 and above, which have an 

average annual wind speed of at least 13 

miles per hour) are found in many locations 

(see United States Wind EnergyResource 

Map). Wind speed is a critical feature of 

wind resources, because the energy in wind 

is proportional to the cubeof the wind speed. 

In other words, a stronger wind means a lot 

more power. 

http://windeis.anl.gov/guide/basics/turbine.html
http://windeis.anl.gov/guide/maps/map2.html
http://windeis.anl.gov/guide/maps/map2.html
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2.5 Advantages and Disadvantages of 

Wind-Generated Electricity 

A Renewable Non-Polluting Resource 

Wind energy is a free, renewable resource, 

so no matter how much is used today, there 

will still be the same supply in the future. 

Wind energy is also a source of clean, non-

polluting,electricity. Unlike conventional 

power plants, wind plants emit no air 

pollutants or greenhouse gases. According to 

the U.S. Department of Energy, in 1990, 

California's wind power plants offset the 

emission of more than 2.5 billion pounds of 

carbon dioxide, and 15 million pounds of 

other pollutants that would have otherwise 

been produced. It would take a forest of 90 

million to 175 million trees to provide the 

same air quality. 

Cost Issues 

Even though the cost of wind power has 

decreased dramatically in the past 10 years, 

the technology requires a higher initial 

investment than fossil-fueled generators. 

Roughly 80% of the cost is the machinery, 

with the balance being site preparation and 

installation. If wind generating systems are 

compared with fossil-fueled systems on a 

"life-cycle" cost basis (counting fuel and 

operating expenses for the life of the 

generator), however, wind costs are much 

more competitive with other generating 

technologies because there is no fuel to 

purchase and minimal operating expenses. 

CONCLUSION 

The proposed Fuzzy control scheme based 

grid connected wind energy system has 

more advantages like simplicity, 

implementation and modeling. The use of a 

fuzzy control algorithm for the converter 

current loop proved to be an effective 

solution for improving current quality of the 

distribution system (Grid side and Machine 

side). The system tracking capability and 

transient response is improved. Proposed 

fuzzy current controller scheme is a stable 

and robust solution. The proposed algorithm 

mitigates the system harmonic currents and 

reactive power compensation simulated 

results have been shows the compensation 

effectiveness of the proposed active power 

filter. 
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