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Abstract-The power delivery industry faces the 

continuous growth of electrical energy consumption. 

Therefore, new electrical power resources and new ways of 

integration to the transmission or distribution grid are 

required. Renewable energy sources like wind turbine, solar 

cells, fuel cells etc., have been applied as a long term and 

promising solution to such energy challenges. Here 

Conservative Power Theory control four leg inverter of a wind 

turbine system is designed to an industrial plant. The 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 to 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 

unbalanced 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 simulation is done using the MATLAB software. 

 

Keywords: wind turbine, smart grid, synchronous generator, 

power quality 

 

I. INTRODUCTION 

Due to the increasing environmental concern the 

old ways of power generation by burning fossil fuel has 

been substituted by much suitable and environment friendly 

renewable sources. Scientists have predicted that there is 

only a limited amount of fossil fuels in the earth’s crust and 

it is going to deplete within 30-50 years. So, we need to 

come up with some other viable and more effective 

alternative which lead to increased focus on renewable 

sources. Wind energy is safe, inexhaustible, environment 

friendly and is capable of supplying growing energy 

demand. But, due to the erratic nature of wind a smart 

control strategy have to be designed to capture power 

equivalent to the theoretical limit. The development of 

modern WECS (wind energy conversion system) goes back 

to the year 1970 but it is the recent decades that have shown 

a rapid growth in this field.  

The important breakthrough in modern power 

electronic devices, turbine aerodynamics and signal 

processing has increased the production capability and 

reduced the cost of WECS. Explorations in the field of 

maximum power from wind conversion system has been a 

crucial part in transforming wind energy a preferred 

alternative in energy industry.  

 

A. WIND ENERGY GLOBAL MARKET 

Wind energy has been utilized over generations for 

sailing, milling grains and pumping water from water 

sources. Until the late nineteenth century it has never been 

used for production of electricity. It was the late 1990s 

when the technique evolved enough to put it into mass 

production. Some of the key player in the global market of 

wind energy are China (115 MW), USA (66 MW), 

Germany (39 MW), India (22.5 MW) and Spain (22 MW) 

as shown in the Figure 1. Also from the chart in Figure 2 it 

is evident that the wind energy industry has been growing 

at a rate of 30 percent every year from 1996-2014 with a 

minor setback in the year 2013. The increased demand of 

wind energy has raised its current demand to 369,597 MW 

or 370 GW. And it is expected to grow at a rate of 40 

percent in the coming years. The major contribution to the 

success of WECS is due to the latest development and 

research going in the field of power electronics and 

electrical machine which has lowered its cost as well as 

increased its efficiency.  

 

B. ENERGY CONVERSION PRINCIPLE FOR 

WIND TURBINE 

The energy contained in wind is extracted using 

the wind turbine blades, as the wind flows the blades starts 

rotating. The power trapped in wind is given by

                (1.1) 

and the power captured by WG blades 𝑃𝑚 is a function of 

blade profile, radius (𝑅), wind speed (𝑉𝑤) and power 

coefficient (𝐶𝑝) 
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.                (1.2) 

Where 𝜌 is air density (typically 1.225 kg per m3) and 𝐶𝑝 is 

a function of tip-speed ratio (𝜆) and pitch angle (β).

                            (1.3) 

Where w is the WG rotor speed of rotation (rad/s).  

A typical mechanical power versus rotor speed 

curve for a wind turbine is represented in Figure 3. 

Maximum wind turbine power output in per unit is 

achieved at a given speed 

when power coefficient 𝐶𝑝 is maximum, and after 

applying Betz limit. Betz limit is the maximum possible 

theoretical limit up to which it is possible to extract wind 

power. And for a given tip speed 𝐶𝑝 is maximum at pitch 

angle equal to zero. The turbine is connected to the 

generator, therefore the wind generator (WG) output power 

is given by 

                   (1.4) 

where 𝜂𝑔 and 𝜂𝑐 are the generator and rectifier efficiencies 

respectively. 

 
Fig 1:  Wind Turbine Output Characteristics for Zero Pitch Angle [2] 

 

C. WIND TURBINE 

Wind turbine is the first and the most important 

part of wind energy conversion system. Depending upon 

the axis of orientation of turbine blades wind turbines (WT) 

are classified into two groups;  

 

a) Horizontal Axis Wind Turbine:  

As the name suggests the horizontal axis wind 

turbine (HAWT) blades are placed along the horizontal 

axis. The general construction of a HAWT involves a tower 

with a flat horizontal base at the top called nacelle. The 

nacelle mounts the generator and gearbox arrangement. 

Therefore HAWT are mechanically more complex, the 

gyroscopic action of turbine blade produces stress when 

yaw mechanism turns to catch the wind. Overtime this 

stress can crack the turbine blade and the entire structure 

will be destroyed. It has higher installation cost as it 

requires a stronger support and maintenance.  

 

b)  Vertical Axis Wind Turbine:  

The wind turbine is vertically mounted above the 

ground as shown in the Figure 4. The generator and the 

gearbox is located at the base of the structure. The VAWT 

needs lower cost of installation and vary less maintenance 

requirement compared to HAWT. 

 

 
 

Fig 2:  Horizontal Axis and Vertical Axis Wind Turbine 

Another advantage of VAWT is that, its operation 

is independent of the direction of wind speed and it works 

fine at low wind speed. The major disadvantage is that it 

has low wind energy conversion coefficient, it has high 

torque fluctuation, it cannot be used for high wind 

operation and they are not self-starting. This limits its uses 

in large-scale production, but it can be used in urban places 

on the top of houses.  

 

D. SYNCHRONOUS GENERATOR  

The generator has poles as rotor housed on the 

prime mover carrying a three phase winding and armature 

as stator housed inside the body. According to the rotor 

design synchronous generators are of two type salient rotor 

and cylindrical rotor. Salient pole synchronous generator 

are large in size and are used in low speed high torque 

application. Cylindrical rotor are used for high speed and 

low torque application. Depending on type of excitation 

synchronous generators are of two type permanent magnet 

synchronous generator (PMSG) and Wound field 

synchronous generator (WFSG). Higher power application 

require WFSG whereas PMSG is preferred for low power 

application. WFSG are bulky and require large size 

converter where as PMSG are smaller in size but the cost of 

constant permanent magnet is too high and must not be 

neglected  

     No gear box requirement. Gear box involves faults 

and break downs which needs frequent attention.  
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  Self-excited. There is no need for external exciter 

or prime mover. Hence higher power factor and efficiency 

can be achieved.  

  High power to mass ratio. So compared to other 

equivalent rating generators synchronous has the least size 

 

 
Fig 3: Synchronous Generator 

 

E. POWER QUALITY 

Power Quality concerns about the utility ability to 

provide uninterrupted power supply. The quality of electric 

power is characterized by parameters such as “continuity of 

supply, voltage magnitude variation, transients and 

harmonic contents in electrical signals”. Synchronization of 

electrical quantities allows electrical systems to function 

properly and without failure or malfunction of an electric 

device. 

 

a) Importance of Power Quality: 

PQ expresses the degree of similarity of practical 

power supply with ideal power supply. 

   1. If PQ is good then any load connected 

to the electric network runs efficiently without decreasing 

its performance. 

   2. If PQ is poor then any load connected 

to the network leads either to the failure of the equipment 

or reduction in its lifetime and performance. 

In order to prevent the consequences of poor PQ 

and to improve the utility performance the electric power 

are analysed to resolve the PQ issues in order to determine 

the efficient compensation technique. 

 

b) Power Quality Problems: 

Poor PQ problems ultimately results in economic 

loss of the power system network. PQ  mainly concerns to 

maintain voltage and current profile i.e. any deviation in 

these parameters can cause severe damage to the electrical 

utility and end consumers. An overview of many PQ 

problems along with their causes and consequences are 

presented. 

 

c) Voltage SAG/DIP: 

The voltage sag or dip can be stated as decrease in 

nominal voltage level by 10-90% for short duration for half 

cycle to one minute as shown in fig. Sometime, voltage sag 

last for long duration such prolonged low voltage profile 

referred as ‘under-voltage’. Voltage sag is further divided 

in three categories: instantaneous, momentary and 

temporary sags respectively. 

 

 
Fig 4: Voltage Sag/Dip 

 

d) Voltage Swell: 

Voltage swell can be stated as voltage rise by 10-

80% of normal value for duration of half cycle to one 

minute as shown in fig. Likewise voltage sag, prolonged 

high voltage profile is referred as ‘over-voltage’. Voltage 

swell is subdivided as 

i. Instantaneous swell 

ii. Momentary swell 

iii. Temporary swell 

 

 
Fig 5: Voltage Swell 

e) Voltage Interruption: 

Voltage interruption can be stated as reduction in 

rms voltage by below 0.1 pu of nominal or complete failure 

of supply voltage. It can be further divided into two classes 

based on interruption time period: 

i. Short Interruption 

ii. Long Interruption 

 

 
Fig 6: Voltage Signal with Long Interruption 

 

f) Waveform distortion: 

Distortion means change in original waveform 

shape as shown in fig. In a power system network, the 

voltage and current waveform should be sinusoidal in 

nature. Waveform distortions are due to 

i. Harmonics 

ii. Noise 
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Fig 7: Distorted Voltage Waveform 

 

g) Transients: 

Transients results in oscillatory response of 

electrical circuit. These are the momentary changes in 

electrical signals for short duration of time. The cause can 

be external, internal or both.It can be further categorized as 

i. Impulsive Transient 

ii. Oscillatory Transient 

 

F. MATHEMATICAL ANALYSIS OF P – Q 

METHOD 

a) Clarke’s Transformation: 

The term instantaneous reactive power is defined 

as a unique value for arbitrary three-phase voltage and 

current waveforms including all distorted waveforms, by 

using instantaneous imaginary power [2] 

 

Fig 8: a – b – c to α – β Co-ordinates Transformation 

For dealing with the instantaneous mathematical 

values of the voltage and current waveforms in 3 – phase 

circuits, it is adequate to express their quantities as the 

instantaneous space vectors. In a-b-c coordinate-axis 

system, all the three axes are fixed on the same plane, phase 

separated from each other by 2π/3, as shown in Fig. 

 

   
Fig 9: Instantaneous Space Vectors 

  

                              (1.5)  

 

       (1.6)      

 

If we assume a balanced 3-phase system with io = 0 then 

(1.3) and (1.4) reduce to: 

 (1.7)      

  (1.8)      

 

b) Compensation Current Determination: 

As shown in fig. 3 the product of instantaneous 

voltage in one axis and the instantaneous current in the 

same gives us the instantaneous real power (p). Similarly 

the product of instantaneous voltage in one axis and 

instantaneous current in the perpendicular axis gives the 

instantaneous imaginary power (q) as shown in (1.7) and 

(1.8). 

         (1.9) 

  (1.10) 

 

From (7) and (8) we get the following matrix equation: 

   (1.11)      

Now iα and iβ can be determined from (9) and decomposed 

into components as shown in (10) and (11). 

        (1.12)      

The oscillatory components represent the higher 

order harmonics. Thus, the oscillatory power should be 

compensated by active power filter so that the average 

power components remain in the mains and by this way 

rating of the active filter can be minimized. 

 

                                 (1.13)      
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p and q from (1.9) can be average and oscillatory terms : 

 
The average power component will be eliminated 

by using high pass filter (HPF). The power to be 

compensated which is given as follows 

    (1.14)      

The compensation current in α – β co-ordinates can be 

found by eq. (1.11) 

   (1.15)      

Applying Clarke’s transformation on eq. (1.12) we can 

determine the compensation currents ica, icb and icc :

   (1.16)      

Thus eq. (13) shows the converter reference 

current that must be fed back to the power line via a 

appropriate controller based on PI control or Fuzzy Logic 

control to eliminate the harmonic current. 

G. THD ANALYSIS: 

a) Voltage THD:  

It represents the Total Harmonic Distortion of the 

voltage waveform. It is the ratio of the root-sum-square 

value of the harmonic content of the voltage to the root-

mean-square value of the fundamental voltage

  (1.17)      

b) Current THD: 

It represents the Total Harmonic Distortion of the 

current waveform. It is the ratio of the root-sum square 

value of the harmonic content of the current to the root-

mean-square value of the fundamental current

            (1.18)      

II. RELATED WORKS AND EXISTING 

SCHEMES 

Instantaneous power (PQ) theory for a three-phase 

system Here the system consists of a three phase three-leg 

conventional converter. For the industrial consumers 

requires three phase 4 leg inverter. In the conventional 

inverter the ac neutral wire is directly connected to the 

electrical midpoint of the DC bus. The control process for 

the system is based on Instantaneous power (PQ) theory. 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. The controller will 

require every individual references for the control under 

different load. To generate different current references for 

selective disturbances compensation where both single- and 

three- phase loads are fed. The mitigation of the 

disturbances is complicated due to the controller structure.   

 

A. DISADVANTAGES: 

i. Split-capacitor converter topology has low 

efficiency. 

ii. DC-link capacitor size is large. 

iii. PQ provides complicated control to inverter. 

iv. Average quality of power to the grid is 

maintained. 

v. THD was high. 

Active filter is needed for the compensation of load 

disturbances. 

 

III. PROPOSED SYSTEM 

A control method for a back-to-back wind turbine 

system connected to an industrial plant is proposed. In 

proposed four-leg converter, the ac neutral wire connection 

is provided through the fourth switch leg. The control uses 

the four-leg inverter at the grid side to supply available 

active power from the wind turbine system along with full 

compensation of load disturbances. The main contribution 

is based on CPT to impress the set-point reference and 

impose disturbances mitigation. When there is no wind the 

grid side inverter is operating as active filter. At that time 

the controller has to keep the DC voltage at constant value 

and provide non-active compensation to improve the power 

quality of the grid, the grid supplies the active power for the 

load. When the wind speed increases above the cut-in speed 
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and the turbine started producing power, the grid side 

inverter inject the active and compensate non-active 

components. If the produced power is more than the load 

power, the remaining is injected to the grid. 

 

A. ADVANTAGES: 

i. The “four-leg” converter topology has better 

controllability than the “split-capacitor” 

converter topology. 

ii. CPT offers very flexible control to inverter. 

iii. Improve the power quality of the grid. 

iv. THD was improved. 

v. DC voltage is kept constant. 

vi. This system can avoid installation of active 

filter by the utility or by the industrial 

consumer. 

 

3.5 SINGLE LINE DIAGRAM: 

Fig. shows a diagram of a utility connected 

industrial system proposed. 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. 

 
Fig 10: Single Line Diagram 

 

The loads are a combination of linear and highly 

inductive loads causing harmonics at the PCC. 

 

B. BLOCK DIAGRAM OF THE PROPOSED 

SYSTEM: 

 
Fig 11: Block Diagram of the Proposed System 

 

 

C. CIRCUIT DIAGRAM OF PROPOSED SYSTEM: 

 
Fig 12: Circuit Diagram of Proposed System 

 

In circuit diagram right side part consisting of a 

four-leg voltage source converter (VSC) and the network 

load that are connected to the distribution network at PCC. 

The inductance of the filter is 𝐿𝑓 and 𝑅𝑓 is the ohmic loss 

of the inductor. The machine side converter of  is connected 

in parallel with the VSC DC-link capacitor 𝐶𝑑𝑐. It is shown 

that the grid side inverter unit is controlled in an 𝑎𝑏𝑐-

reference frame. 𝑣𝑝𝑐𝑐 is dictated by the grid representing 

the PCC/load voltage 

The control objective is to allow the wind source 

to inject its available energy, as well as to work as an active 

power filter for improving power quality based on CPT 

functionalities. 

 

D. CIRCUIT DIAGRAM OF 3 PHASE 4 LEG 

INVERTER: 

A four-leg VSI is designed. The configuration 

consists of the single-phase H-bridge inverters and V/Hz 

SPWM controlled strategy. It is composed of four inverter 

legs with two MOSFET devices on each leg. 

 

 
Fig 13: Circuit Diagram of 3 Phase 4 Leg Inverter 

 A PWM scheme of the single-phase Hbridge 

inverters is based on the unipolar modulation method. This  

technique can be generating unbalanced two-phase PWM 

output voltages is based on a comparison between 

unbalanced sinusoidal modulating waves to a common 

triangular carrier wave. 
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Fig 14: SPWM, the Waveforms 

 

IV. SIMULATION RESULTS AND DISCUSSION 

A. FULL SIMULATION DIAGRAM: 

 

Fig 15: Full Simulation Diagram 

B. WIND GENERATION PART: 

 

Fig 16: Wind Generation Part 

C. WIND GENERATION VOLTAGE: 400V 

 

Fig 17: Wind Generation Voltage: 400v 

D. SIMULATION DIAGRAM OF RECTIFIER 

SIDE: 

 

Fig 18: Simulation Diagram of Rectifier Side 

E. DC VOLTAGE OF THE RECTIFIER: 650v  

 

Fig 19: DC Voltage of the Rectifier: 650v 

F. THREE PHASE FOUR LEG INVERTER: 

 

 Fig 20: Three Phase Four Leg Inverter 

G. PULSE GENERATION FOR 4 LEG INVERTER: 

 

Fig 21: Pulse Generation for 4 Leg Inverter 

H. PULSE FOR SWITCHES: 

 

Fig 22: Pulse for Switches 

I. SIMULATION DIAGRAM OF LOAD SIDE: 

 

Fig 23: Simulation Diagram of Load Side 
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J. FOUR TYPE OF LOADS USED: 

i. 3 phase R- load 

ii. 3 phase RL-load 

iii. 3 phase Reactive load  

iv. 1 phase R – load 

v. 1 phase RL – load  

vi. 1 phase Reactive load 

 

a) THREE PHASE LOAD VOLTAGE:

 

Fig 24: Phase to Phase Voltage– 415V  

b) SINGLE PHASE LOAD VOLTAGE: 

 

Fig 25: Single Phase Voltage  

c) THD: 

 

Fig 26: THD 

THD is improved to 3.16% 

V. CONCLUSION 

Thus the CPT Control for a back-to-back wind 

turbine system connected to an industrial plant using four-

leg inverter at the grid side to supply available active power 

from the wind turbine system along with full compensation 

of load current disturbances. The system is simulated using 

the MATLAB software. The THD level of the proposed 

system is reduced when compared to the existing system. 

power mitigation is done using CPT controller.  

 

VI. FUTURE SCOPE 

i. The THD of the system can be further improved 

using PR-controller. 

ii. Efficiency of system can further improved by 

using multi-level inverter topologies. 

iii. MPPT techniques for wind turbine system can be 

improved to combined HCS&TSR etc. 
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