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Abstract---The performance of wind power generation where 

it is aimed to obtain efficient and economic energy 

production, when connected to power network is discussed. 

As the wind speed is not always constant, the fluctuations in 

it reflect the output power, but the voltage and frequency 

should be kept as stable as possible. The maximized power at 

the required voltage and frequency using an inverter is fed to 

the load and as the demand is satisfied it delivers the 

remaining power to the grid. The operation of the circuit 

breaker that is when to attach to the system and detach from 

it corresponding to the wind speed is discussed. The 

parameters like voltage, delta, powerfactor comes across this 

are discussed briefly. For the same a model is designed and 

simulated in MATLAB and the results are analyzed. 

Keywords: Power grid, wind turbine, power grid, MATLAB 

(simulink) 

I. INTRODUCTION 

Grid connection of renewable energy sources is important 

when they are effectively used, but due to grid connection 

they may be problem in voltage fluctuations and harmonic 

distortions, [1] gives the solutions for this problems by using 

proposed power electronics interface and control system 

while the wind energy conversion system captures the 

maximum power from the wind when wind speed 

varies.When large-scale wind powered generation is 

integrated with utility grid, the power flow pattern and 

system dynamic characteristics will change as given in [2], 

wind generation is one of the most stable and cost-effective 

resources among different renewable energy technologies. 

A grid-connected wind turbine can reduce the 

consumption of utility-supplied electricity for domestic and 

industrial appliances. If the wind turbine cannot deliver the 

amount of energy we need, the utility makes the difference. 

When the wind system produces more electricity than the 

individual appliances, the excess is sent or sold to the utility. 

With this type of grid-connection, the wind turbine will 

operate only when the utility grid is available. During power 

outages, the wind turbine is required to shut down due to 

safety concerns. Solutions such as aggregation of wind 

turbines, forecasting and modeling have been implemented to 

facilitate larger market penetration of wind power [3]. 

The wind is changing quite frequently in real life [4] 

that indicates the turbulent behavior of wind speed and the 

issues related needed to be addressed. The conversion of 

wind turbines mechanical energy into electrical energy is 

more economically performed through generators like doubly 

fed induction generator (DFIG) and the permanent magnet 

synchronous generator [5]. Here, a turbine model taking into 

account the stochastic behavior of the wind speed is 

considered [6]. In order to achieve optimum wind energy 

extraction from the WECS, the wind turbine generator is 

operated in variable speed mode [7]. The variable speed 

capability is achieved through the use of an advanced power 

electronic converter [8],[9]. Because a wind power plant is 

connected to the grid, it is very important to understand the 

sources of disturbances that affect its power quality. In 

general, the voltage and frequency must be kept as stable as 

possible.  

This paper covers how the wind energy generation 

supplies power to load and also to the utility grid. In this 

paper wind energy in series with grid is connected and this 

entire setup is connected to the load with circuit breakers at 

wind energy, grid and load is simulated.Based on the circuit 

breakers ON and OFF the power to the load can be controlled 

II. DISTRIBUTION GENERATORS (DG) 

The majority of traditional distribution networks are radial in 

design, and complicated analysis is not required to assess the 

security of supply to customers [10].  

In general terms, Distributed Generation (DG) is 

any type of electrical generator or static inverter producing 

alternating current that (a) has the capability of parallel 

operation with the utility distribution system, or (b) is 

designed to operate separately from the utility system and 

can feed a load that can also be fed by the utility electrical 

system. A distributed generator is sometimes referred to 

simply as “generator”. 

Different forms of DG’s are Solar or photovoltaic, 

Wind, Micro turbines, Fuel cells etc. they are only two DG’s 

does not require fuel they are solar and wind, the other DG’s 

requires fuel as supply. 

III. PROPOSED MODEL 

The single line diagram of proposed model is shown in Fig.1 
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Fig.1: Single Line Diagram 

Mw - Meter for measurement of wind power. 

MG - Meter for measurement of grid power. 

ML - Meter for measurement of load power. 

In the wind energy conversation system, the main 

objective is to track and extract the maximum power from 

the wind and fulfill the load demand and even should be able 

to send to the utility grid which depends on the wind speed 
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and wind turbine characteristics in which the generator speed 

follows the wind speed. In the proposed grid connected wind 

energy conversation system the permanent magnet DC 

machine is used which gives a DC output and this is 

converted to AC with unidirectional commanded IGBT’S 

used as an inverter where the frequency and voltage can be 

controlled by varying the pulse generators which are given to 

the IGBT’S. Each switching variable depends on the 

conducting and blocking states of the IGBT’S. The inverter 

since it is connected to grid side, it is called as grid side 

converter and it has three main objectives: 

1) To maintain the dc link voltage. 

2) To compensate for unbalanced voltages. 

3) To limit the fault current/low voltage ride through. 

The control system generates the waveforms and regulates 

the waveform amplitude and phase to control the power flow 

between the inverter and the load bus. Inverters not only feed 

the local load but also can export the excess active and 

reactive power to the grid. An appropriate controller is 

required in order to avoid any error in power export due to 

errors in synchronization, which can overload the inverter. 

Here the circuit breakers are included to know the instant 

when it can be attached to the grid and when it can detach 

from the grid. This clearly gives an idea moreover the 

importance of phase angle δ and power factor are also 

included which when noticed gives the desirable result. 

IV. PERMANENT MAGNET DC MACHINE 

This type of machines uses permanent magnets as a way to 

create torque instead of field windings. It is capable of 

retaining magnetism even after magnetizing force has been 

removed. Brushless PM machines are constructed with the 

electric winding on the stator and PMs on the rotor.There are 

several conventional PM machine configurations and other 

more novel concepts conceived in recent years to improve 

performance.  

The configuration of a PM machine and the 

relationship of the rotor to the stator determine the geometry 

and the shape of the rotating magnetic field. PM machines in 

which the magnetic flux travels in the radial direction are 

classified as radial-flux machines. They are cylindrical in 

shape, and the rotor is usually located inside the stator but 

can also be placed outside the stator. PM machines in which 

the magnetic flux travels in the axial direction are classified 

as axial-gap machines. They can have multiple disk or 

pancake shaped rotors and stators. The stator-rotor-stator 

configuration is typical. 

The advantages for going to permanent magnet dc 

machine is  

1) PM machines have a higher efficiency as a result   of 

the passive, PM-based field excitation.  

2) PM machines have the highest power density compared 

with other types of electric machines, which implies 

that they are lighter and  occupy  less space  for a  given 

power rating.  

3) The amount of magnet material that is required for a 

given power rating is a key cost consideration. The cost 

of magnet material is high compared with the cost of 

the other materials used in electric motors, and design 

attributes that minimize the required amount of magnet 

material are important considerations in motor 

selection.  

4) The stators of PM machines are generally fabricated in 

the same manner as induction machine stators; 

however, modifications are sometimes necessary, such 

as the design of a stator lamination to accommodate 

high flux density. 

5) Space saving, higher speed possible, with reduced 

inertia. 

V. POWER INVERTER 

A power inverter, or inverter, is an electronic device or 

circuitry that changes direct current (DC) to alternating 

current (AC). The input voltage, output voltage and 

frequency, and overall power handling, are dependent on the 

design of the specific device or circuitry.  

 A power inverter can be entirely electronic or may 

be a combination of mechanical effects (such as a rotary 

apparatus) and electronic circuitry.The terms voltage-fed and 

current-fed are used in connection with the output from 

inverter circuits. So they are classified as two inverters 

voltage source inverter (VSI) and current source inverter 

(CSI). Inverters are designed such that it should have good 

reliability, efficiency, safety and final one is the power rating 

based on the above parameters we can say that ininverter 

works has an ideal one by giving more output then the 

required. 

VI. FLOW CHART 

 
Fig. 2: Flow Chart 

 

http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Electrical_power
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VII. PROPOSED MODEL OPERATION 

For the wind generation to produce more voltage such that in 

can fulfill the load demand and also can contribute to grid, 

needs to satisfy some conditions. The circuit breakers 

connected corresponding to wind; grid and load operate 

accordingly and connect to the system as per the conditions. 

Vdgmin <   Vdg<  Vdgmax 

PFmin   <   PF   <  PFmax 

Where  vdg is distribution generation voltage 

PFmin = 0.8 

PFmax = 1 

 Harmonics (H) - (+ or -) 5% 

At any condition CB3 across load is connected to the system, 

the case comes only with CB1 and CB2 across wind and grid. 

When all the above conditions are satisfied then all the 

circuit breakers are connected to the system and it can be said 

that wind contributes to grid also. But when only pf 

condition is not satisfied then the grid is not connected to the 

system. And if any of voltage and harmonics not satisfied 

irrespective of pf then the wind system is not connected and 

load is supplied from grid. 

WIND GRID LOAD

 
Fig. 3: Paying 

The fig.3 shows that when the circuit breaker of grid 

is ON it should pay to get power from the grid.  

Since DGP  >>  PLOSS +  LD 

Vdg > Vg& pf > 0.8 &δ>δc 

WIND GRID LOADWIND GRID LOAD

 
Fig. 4: Saving 

The fig.4 shows that when the circuit breaker of 

wind is ON only wind will supply the power, so it saves the 

power from the grid. 

Since  DGP  <  LD 

Vdg < Vg& pf < 0.8 &δ<δ0   

WIND GRID LOAD

 
Fig. 5: Earning  

The fig.5 shows that when both the circuit breakers of wind 

and grid are ON it gives earning to the manufacturer.  

Since  DGP  >=  LD 

DGP   =  PLOSS +  LD 

Vdg > Vg& pf > 0.8 &δ0<δ>δc  

Where 

DGp –distribution generation power 

LD   - Load 

Vdg  - distribution generation voltage 

Vg   - grid voltage 

δ    - angle between wind and grid 

δo – 5
0
 

δc – 35
0
 

pf – power factor
 

VIII. SIMULATION 

The proposed model is designed and simulated using matlab. 

In matlab simulink the proposed model is designed and for 

comparison of voltage, delta and power factor a program is 

written in M-file and both M-file and simulink file are linked 

using codes. The program is written for different wind 

speeds, in this paper only for three different speeds the 

system is analyzed   

Five models are designed for this, the first model 

contains no ON or OFF to the gate pulse, second is designed 

such that all the circuit breakers are ON in a given period of 

interval, third is designed such that CB1 and CB3 are ON 

simultaneously in another period of time, fourth model is 

designed such that CB2 and CB3 are ON simultaneously in 

another period of time, final one contains all the three 

conditions output by taking all times used above. For which 

model to open programming is used, based on the condition 

the corresponding model opens and the required output is 

obtained. 

In program commonly ‘open’ and ‘sim’ are used for 

opening the matlab model file and to simulate it. The purpose 

of using this is each model as different speed i.e totally 3 

different wind speeds as assumed and based on this the 

conditions are checked. 

The program does the following 

 Opens the model file and it does simulation 

 The values are saved in workspace (in model some 

scope values are saved to workspace) are called by the 

program using save command. 

 For all the values we find the absolute and maximum, 

taking from workspace. 

 Then the conditions are checked by using ‘if’ condition. 

 The ‘if’ condition checks whether the condition satisfies 

are not and then opens new model corresponding to that 

condition and the required output is seen in scope. 
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 This is continues for another 2 steps and finally one 

more model is opened which contains all the three 

conditions in different time intervals. 

The simulation diagram of proposed model is shown 

in fig.6 

Fig. 6:  Simulation Diagram 

 
Fig. 7:  CB’s ON and OFF 

The fig.7 shows the conditionsof three CB’s ON 

and OFF. In the graph the first one is voltage comparison, 

second delta, third power factor, fourth CB1, fifth CB2 and 

sixth CB3. The conditions which we have taken are clearly 

shown i.e. 

1. From 0.02 to 0.06 the voltage is high that implies 

wind voltage is greater than grid voltage, delta is high 

implies it is greater than delta critical and power 

factor is high implies it is grater then 0.8. in this 

interval all three conditions are satisfied so all three 

CB’s are ON in graph it is shown high for all 3 CB’s. 

2. From 0.12 to 0.16 the voltage is high implies wind 

voltage is greater than grid voltage, delta is middle 

implies it is in between delta minimum and delta 

critical and power factor is high implies it is grater 

then 0.8. in this only 2 conditions are satisfying 

voltage and power factor so CB1 and CB3 are ON. 

3. From 0.22 to 0.26 the voltage is low implies wind 

voltage is less than grid voltage, delta is near to zero 

but not equal to zero implies it is less than delta 

minimum and power factor is low implies it is less 

than 0.8. in this only no conditions is satisfying so 

CB2 and CB3 are ON. 

 
Fig. 8:  δ(delta)= 5

0 

 
Fig.9: δ(delta)= 15

0 

 
Fig. 10: δ(delta)= 45

0 
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Fig. 11: Load voltage and current 

The fig.11 is output load voltage and current  

a) In interval 0.02 to 0.06 as all the CB’s are ON, the 

output voltage is 330V, because a part of wind voltage 

is sent to grid also. 

b) In interval 0.12 to 0.16 CB1 and CB3 is ON so the 

entire wind energy voltage appears at the load i.e. 540V 

c) In interval 0.22 to 0.26 CB2 and CB3 is ON so the grid 

voltage appears at the load i.e. 440V. 

IX. CONCLUSION 

The brief insight about the basic issues regarding grid 

connected wind energy conversion system is studied. Since 

the wind varies and it is not always constant, the wind 

turbine model is necessarily learnt. However, the most 

important point is the point of interconnection that provides 

a gateway for the wind power plant to the real world.  

The integration of wind with grid is simulated and 

the performance of the system is learnt. From the simulation 

results we can come to a conclusion that the load demand 

can be fulfilled by wind energy, and in case if wind energy 

is not available the grid is responsible for fulfilling the load 

demand. From the studies and results the supply to load 

demand can be controlled by circuit breakers have dealt in 

this paper.The customer will have uninterrupted power flow. 
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