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Abstract - A reactive power/voltage control strategy is proposed that uses wind turbines as distributed reactive power 
sources to optimize the power flow in large-scale wind farms and maintain the output power stability. This paper has 
focussed on several issues related to the stability, power quality and operation of a power system. 
The whole transmission grid codes to focus on power controllability, power quality and fault ride through where wind 
turbines are required to offer grid support to the network. The two turbines consist of 20 MVA type III variable speed wind 
turbines, 10 MVA type I fixed speed wind turbine generators and ±3 MVAr STATCOM connected to 25 kV medium voltage 

collection bus. To investigated for reactive power management with the 230 kV power grid. An Analytical model of wind 
turbine has been presented and this was followed by the modelling of the wind farm under Sim Power of Simulink. The 
master controller is built for reactive power management and algorithm is written. The algorithm, by using the voltage and 
reactive at the PCC the reactive power references are compensated. And we have introduced the fuzzy controller at DFIG 
wind turbine to establish maximum power delivery to the grid at the trip. This design having full control on the electrical 
torque, speed and makeup a reactive power compensation and operation under grid disturbances which improve desired 
output levels. 
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I. INTRODUCTION 

 

As fossil fuels are limited in resource, so the world is 

moving towards the renewable source of energy. 

Where wind turbine systems are used to produce 

electricity. But it is very important that the 
transmitted voltage from the wind turbine won’t 

fluctuate much neither the appliance connected in 

industries and houses will be affected. Therefore, for 

controlling the voltage, we must perform a reactive 

power compensation. Due to the uncertainties in the 

wind flow will affect the system stability and 

operational benefits. The wind turbines have an 

ability to hold the voltage and reactive power at PCC 

along with the grid code. 

 

Voltage level control is important in the power 

system, the varying reactive power will vary voltage 
level and ideally getting constant output voltage 

through the grid is very important. There is direct 

relationship between reactive power and generated 

voltage through wind turbine, As higher the reactive 

power means more the voltage level and vice – 

versa.2 Reactive power is very important to avoid 

blackouts. Electric power is equal to product of 

voltage and current P=VI. So if the voltage level is 

low and the current level is high then this will cause 

transmission line to go offline. Reactive power is 

advantageous for transmitting or enhancing the active 
power in transmission lines with less losses. Inductive 

load like induction motor or doubly feed generator 

needs reactive power for useful work and reactive 

power is essentially generates a magnetic flux.1 

 

WFs are equipped with a certain number of reactive 

power compensation devices such as static volt-

ampere reactive compensators (SVCs) and static 
synchronous compensators (STATCOMs) to ensure 

voltage stability. IN the past, reactive power 

improvement was performed by incorporating VAR 

compensators, such as capacitor banks. However, 

voltage stability could be improved by using tool 

based on power electronics known as flexible 

alternating current transmission systems (FACTs) in 

addition to conventional capacitor banks. Initial 

characteristics of these devices include their 

capacities to improve a network voltage profile and a 

system’s dynamic behaviour as well as the ability to 

enhance the power quality. By introducing the 
FACTs devices is characteristically acceptable due to 

their dynamic contribution of reactive power, voltage 

control, and their quick response. 

 

Reactive power sources stand out as the best 

devices for improving voltage stability within 

electric systems. The impact of wind energy on 

power systems is thus focussed on several issues 

related to the security, stability, power quality and 

operation of power systems. All the utilities must 

keep the voltage supply stable and reliable within 
specific limits of frequency and magnitude. 

The PCC is a point in the electrical system where 

multiple customers or multiple electrical loads may 
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be connected. Here. PCC voltage controller is 

designed accurately, so I will be robust. The control 
design procedures demonstrated in the proposed 

paper primes to a PCC voltage control system with 

acceptable dynamic and steady-state performance5, so 

in Matlab/Simulink is carried out were PCC maintain 

a connection between two turbines (i) DFIG wind 

turbine and (ii) wind turbine induction generator is 

connected to the same grid. 

 

The transmission grid itself a complex dynamic 

system. Theperfect synchronization could be 

achieved by controlling the current and grid voltage 

the current and grid voltage, it is very important to 
detect the variation of phase and frequency with grid 

voltage speedily and accurately. After introducing the 

feedback control strategy, to manage the power the 

grid-connected voltage and current the rate 

ofalteration decreases correspondingly and keeps 

within 2 seconds of the start of power generation in 

wind turbines and the waveform is more stable. 

 

Under the conditions of voltage variation, grid codes 

demand that wind generators perform similarly to 

traditional generators, they must have the capability 
to provide the reactive power whilst providing rates 

maximum active power.3 

 

In DFIG model turbine 3, the proportional-integral-

derivative (PID) controller is used which improves 

the overall response of a system is using to design the 

pitch control system. In addition to typical PID 

control systems, studies have suggested different 

methods for controlling the pitch angle. Modern 
studies have adopted to determine the stability region 

of PID control systems. In a stable synthesis of a PI-

based pitch controller was suggested. Here to regulate 

the pitch angle in wind turbine generators is setting 

various operating points for the control system with 

the help of fuzzy logic Controller which will trip to 

optimize itself according to the angle of wind flow. 

Fuzzy Logic is created by logical functions. The 

conception of Fuzzy logic is derived from set theory. 

There are several controllers which provide effectual 

control for linear systems. In case of nonlinear 

systems a Fuzzy Logic Controllers are used. 
Fuzzification, rule formation, and defuzzification are 

the steps present in a fuzzy logic system to perform 

an operation. The real variables input is specified to 

the fuzzy controller. In the process of fuzzification, 

the real variables are converted into a fuzzy variable 

and each fuzzy variable are represented by a 

membership function. In the second step we form 

fuzzy rules, fuzzy rules are based on definite decision 

i.e., in the form of IF-THEN and finally converts into 

real variables which are as known defuzzification. 

 
The objective of the paper firstly analyses the voltage 

stability problem in power network and wind turbines 

provide a very fast dynamic VAR injection by 

reducing controller system losses and pitch angle of 

wind turbine blades are also controlled for DFIG 

mode to ensure the stability of output voltage.

 

II. THE PROPOSED REACTIVE POWER 

MANAGEMENT SYSTEM 

 

The schematic diagram of the proposed reactive 
power management system is shown below in 

Figure 1. Here the admittance matrix of the 

nodes Ybusis created and is used for the power flow 

analysis under specific wind conditions. This model 

begins with the current working states of each WT 

and is solved by a controller algorithm is stabilised 

in the model to obtain the reactive power 

instruction set which controls the voltage 

fluctuations. 

 

 
 

The control system provides a mechanism to trigger 

the control cycle when the wind speed variation 

exceeds the threshold value. 

Here to maintain the flat profile of a voltage the 

voltage regulation throughout the transmission line, 
VREG should be equal to zero, so we need to control 

the voltage and for controlling the voltage the 

reactive power compensation is required. 

 

III. MATHEMATICAL MODELLING 
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Net reactive power 

QR = Q1 – Q2 

For transmission line QR =  
𝑉𝑠𝑉𝑅

𝑋𝑐
  𝑐𝑜𝑠𝛿 −   

𝑉𝑅
2

𝑋𝐿
  

If 𝛿 ≈ 0  𝑐𝑜𝑠𝛿 ≈ 1 

QR =  
𝑉𝑠𝑉𝑅

𝑋𝑐
  . 1 −   

𝑉𝑅
2

𝑋𝐿
  

𝑄𝑅𝑋𝐿 =  𝑉𝑠𝑉𝑅  - 𝑉𝑅
2
 

𝑉𝑅
2 −   𝑉𝑠𝑉𝑅 + 𝑄𝑅𝑋𝐿  =  0 

 

On solving 

𝑉𝑅 =  
𝑉𝑠  ±   𝑉𝑠

2 −  4 𝑄𝑅𝑋𝐿

2
 

 

To control the receiving end voltage (VR), then there 

is need to compensate the reactive power (QR). 

 

Case 1: If QR >0; (Q1 – Q2) > 0 

So Q1> Q2 (load demand is more than generated) 

 

Therefore 𝑉𝑅 =
𝑉𝑠

2
+ ≪

𝑉𝑠

2
 ;𝑉𝑅 < 𝑉𝑠 

 
Case 2: If QR <0; (Q1 – Q2) < 0 

So Q1< Q2 (load demand is less than generated) 

 

Therefore 𝑉𝑅 =
𝑉𝑠

2
+ ≫

𝑉𝑠

2
 ;  𝑉𝑅 > 𝑉𝑠  It’s a Farranti 

effect 

 

This Farranti effect can be compensate using the 

shunt reactor. 

 

Case 3: If QR = 0; Q1 = Q2 

Here Q1= Q2 (load demand is equal to generated) 
 

Therefore𝑉𝑅 =  𝑉𝑠 

 

Due to these variations in received voltage whole 

day, it is essential to compensate the reactive power 

to receive the flat profile of a voltage. 

 

IV. METHODOLOGY 

 

Simulation Methods of the Designed as shown in 

figure 1. Here the two wind turbine generator is 
connected to a grid for full filling the demand at load 

end. The turbines are connected to this grid through 

transformer and a 25km transmission line. The 

turbine generatorsis first transformed to 25kV; the 

rated voltage of the transmission line is 25kV. The 

turbine III (DFIG wind turbine) is connected to a 

fuzzy and PID controller to control the pitch angle 

and to achieve an enhance output power. The turbine 

I (Wind turbine Induction generator) is also 

connected to the same transmission line of 25km and 

the voltage received at load end is 230V. Here the 

voltage fluctuation is controlled by the compensating 

the reactive power, therefore the reactive power 
management technique has been used in the 

SIMULINK model. 

 

On the basis of the frequency range to be represents, 

three simulation methods are presently available in 

Sim Power Systems to model VSC based energy 

conversion systems connected on power grids. The 

discreate model. In the discreate simulation method, 

the sinusoidal voltages and currents are substituted by 

phasor quantities (complex numbers) at the system 

minimal frequency (50 Hz or 60 Hz).This is the 

technique which is also used in stabilizing the output 
power and load end by compensating the power. 

In the designed Simulink model the turbine 1 

(Induction generator), due to reactive power 

compensation, After 12 seconds of start it provides 

the constant power of 0.8pu and reactive power of 

0.5pu. Initial the pitch angle was at 0 degree but to 

achieve the constant output power the set fuzzy logic 

controller set the value of pitch at 1.6 degree to 

maintain the desired output. 

In the Turbine 3 (DFIG) firstly at the start of the 

generator for initial 5 seconds due to increase in 
starter current, the fluctuation in quality factor is 

observed with initial peak of 0.4pu but the output 

power was 0.7pu through out the generation. After 5 

second the generator current stabilizes to 0.45pu. The 

voltage control solution hub (STATCOM) had shown 

initial fluctuation for 11 seconds then the constant 

output of 1 unit is maintained. 

 

However to enhance its power generation and quality 

of the generated power the proportional – Integral 

derivative (PID) controller has been implemented 

over the wind speed block so as to control and 
regulate the wind speed according to the compensated 

reactive, also The set value for PID controller works 

with  the proportional constant (Kp = 1) and the 

integral value (Ki = 1) along the filter coefficient (N) 

= 100; to attain the PID Controller controls the wind 

speed for the designed model it becomes equally 

important to regulate the trip of the wind turbine as 

the amplified wind speed output. To control the trip 

or the blade direction of the wind turbines Fuzzy 

Logic control method is used, however in this model 

Fuzzy Logic is used as it is more responsive accurate 
and less complex than the vector control box. To 

control the pitch of the blades fuzzy logic generate a 

pulse to maneuver the blade direction or its pitch, so 

that the blades always remain in parallel to the wind 

and keep rotating to generate the maximum output 

which is connected to a DFIG model to complete the 

load requirement of higher output power. 
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V. RESULTS 

 

 
Figure1: Detailed Proposed MATLAB Model 

 

Output responses: 
 

 
Figure 2: Output response of Turbine I (Wind Turbine Induction generator) 
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Figure 3: Output response of Turbine III (Doubly Feed Induction generator) 

 

 
Figure 4: Output response of STATCOM 

 
Figure 5: Output response of point of common coupling (PCC) 
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VI. CONCLUSIONS 

 
In this paper, we proposed a reactive power control 

strategy for wind turbine systems according to the 

high voltage demand at load end which aimed at 

energy savings. A reactive power optimization 

model is established and MATLAB simulation 

experiments are conducted. The following 

conclusions are drawn based on the results: 

i. Combining the reactive power Control at 
STATCOM for two turbines with the loss reduction 

control of the collector system reduces the 

operating loss of the WF effectively and maintain 

the constant output voltage without any fluctuation; 

this is verified by a simulation based on an actual 

wind farm. 

ii. The control strategy proposed in this paper 

would be used to improve the automatic control 
level, reduce the cost of electricity production, and 

improve the energy savings under various operating 

conditions of a WF, which has good application 

prospects. The active power control of DFIG wind 

turbine is achieved by the appropriate control of the 

rotor voltage. 

iii. The feedback controller is designed with keeping 

both mechanical and electrical dynamics of the DFIG 
wind turbine into consideration. System consistency 

is increased by using a feedback technique. The 

observer is used to evaluate this information. The 

results show satisfactory system response and good 

performance in comparison to the other method and 
PID – FUZZY combination responds well to improve 

output response and according to the change in wind 

direction the fuzzy logic controller responded wisely. 
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