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Abstract: This paper has presented the control as well as the strategy for energy management for Wind Turbine which is connected to 

a DFIG system. Controllers for Grid Side as well as to the Rotor Side, hybrid supercapacitor and battery storage for energy is being 

connected to the grid side of the system which has been used as a backup system for the network, having the aim for supplying to the 

load. A design for the controlling of deliberated power system has been established in paper. MATLAB/Simulation results and graphs 

have been demonstrated the presentation of the storage network which explains the usage of hybrid energy in battery–supercapacitor 

arrangement. Moreover, showing the efficacy of the complete management strategy for the achieve energy and viability of the proposed 

wind turbine energy network. 
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1. Introduction 
 

The energy produced using the wind being a quick 

developing renewable energy of this era has a drawback that 

the generation of the wind power has been erratic because it 

depends on the weather conditions. It is essential to have 

energy storage from a wind system to get a smooth output. 

The developing nations of the world are seen to be focusing 

on the renewable resources of energy production and 

particularly the wind energy. DFIG is now a well-known 

turbine system that is used for the offshore wind farms 

because of its features.  [1]-[2].  

 

The DFIG is a generator used for the induction of the wound 

rotor with consecutive converters in between AC grid as well 

as the rotor windings. The power is fed by the stator to the 

grid directly. Following report puts forward the management 

of energy and control of a DFIG along with the Battery SC 

storage for the hybrid energy, along with a load of AC 

residential, which is connected with utility grid used in the 

form of a backup source. 

 

The measured model is inclusive with all of system 

components. For the coordination of the flows of power 

among various sources of energy and load demand, there has 

been designing for the system of a strategy for the 

management of power. The usage of MATLAB/Simulink is 

done for the verification of system performance under 

different scenarios to carry out the studies of simulation. 

 

The converter of ac/dc/ac which are bidirectional, having a 

link bus of dc which is common is to be connected to a Rotor 

circuit. The three main components: the RSC, DC-link as 

well as GSC together give the formation to consecutive 

converters. Then, DC-link offers decoupling among 2 sides 

of AC with varying frequencies. The DC-link voltage has 

been controlled using GSC.  

 

A scheme for the GSC vector control provides with 

autonomous control of reactive power that has been replaced 

among grid and GSC as well as the slip active, for upholding 

the voltage of the DC-link continuous, also, for certifying 

sinusoidal supply currents. 

 

 
Figure 1: Block Diagram of the Complete System 

 

2. Modeling of the System 
 

2.1 Doubly Fed Induction Generator Model  

 

The DFIG model presented in this paper is the dq0 stationary 

rotating frame as the simulation of the model of DFIM is 

appropriate with this frame. The DFIM model’s transient 

solution is probable due to the conversion from the abs to 

dq0 using which the differential equations having variations 

in the time that has been transformed into the differential 

equations having inductances that are constant, [3]-[4]. 

 

Equivalent model of DFIG that uses the simultaneous 

rotating reference frame (qd-frame) is presented in the 

equation (1) to (4). 

 
 

(1) 

 
 

(2) 
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(3) 

 
 

(4) 

 

The stator as well as the rotor fluxes are written below as: 

  (5) 

 
 

(6) 

  (7) 

 
 

(8) 

 

In these equations, are respectively the 

resistances as well as the inductances of the rotor winding & 

the stator windings and M is the mutual inductance. 

 are the components of d and q of stator as well as the rotor 

voltages, current and the flux, where as in electrical terms 

is rotor speed and  is the angular velocity of the 

simultaneously rotating frame (reference). The torque that is 

electromagnetic has been expressed in the form [3]: 

 

(9) 

Where P  No. of pole pairs. 

 
Figure 2: Block Diagram of the DFIG System 

 

The active and the reactive powers at stator also rotor side are 

defined as: 

 
 

(10) 

 
 

(11) 

 
 

(12) 

 
 

(13) 

 

2.2 Wind Turbine Modeling  

 

The turbine of the wind is used to extract the energy. Then it 

is transformed into mechanical power. Between the 

mechanical power as well as speed of wind the algebraic 

relation is presented by: 

 
(14) 

The mathematical estimations of Cp is [1]: 

 

 

(15) 

where, 

 is the density of air ( , R is radius of 

the rotor, Vwind is the wind speed and Cp is the Wind 

turbine performance characteristics. 

 
Figure 3: Simulink Model of the Wind Turbine System 

 

Values related to constants  mainly depend on the 

manufacturer and also the type of wind turbine. 

 

 
 

(16) 

 

2.3 Grid Side Converter Control 

 

Before The objective of the GSC is to help the system in 

maintaining the regular voltage in the DC-link between the 

consecutive converters. For the accomplishment, the scheme 

of the vector control has been used that to provide 

autonomous controlling of the active as well as the reactive 

power which that flows between grid and GSC. On basis of 

the current flowing in it, the regulation for PWM converter is 

decided. For the regulation of the DC-link voltage, direct axis 

current has been used and quadrature axis current has been 

used for the regulation of the reactive power. The d-q 

theoretical or frame (reference) theory, that was used for 

overcoming issue parameters having variations in the time 

with the AC machines is the basic of the vector control,[6]. 

Basically, to transform variables of the stator into a 

simultaneously rotating frame (reference) which has been 

fixed at the rotor. Using transformations, one can eliminate 

the inductances having the issue of time variations occurring 

because of a working electric circuit which is relative and 

electric circuit having the issue of variations in the magnetic 

reluctances. The change of three to 2-phase axis in the 

stationary position is presented as: 

 
 

Conversion of the 2-phase axis in the stationary position to 

the 2-phase simultaneous axis in rotation is given by: 

 
 

(17) 

 
 

(18) 

 

The GSC voltage in the d-q substance is attained by typical 

configuration of the strategy of the control is presented by 

 
 

(19) 
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(20) 

 

Apply Laplace transforms to above two equations 

 
 

(21) 

 
 

(22) 

 

Considering, 

 
 

(23) 

  (24) 

Calculations for the angular position of voltage supply is 

done as: 

 

Where  and   are the stator-voltage components 

 

The control scheme uses the loops for the controlling the 

current   as well as the with the mandate obtained from 

the voltage of the DC link error with a regular controller for 

PI. The factor of the displacement on the supply side of 

inductor is determined by the demand. The current 

controlling loops plant is given by: 

 
 

Substituting (24), (25) in (22) and (23) respectively, and 

being the reference for the voltages values 

and  can be obtained by: 

 
 

(25) 

 
 

(26) 

The value of and  are the reference values of 

the input to converter of PWM using which the DC voltage 

level and the needed factor of power is attained. 

 
Figure 4: Simulink Model of the Grid Side Controller 

 

2.4 Rotor Side Converter Control  

 

A control for the vector has been adopted to the side 

converter of the rotor for controlling the power (reactive) as 

well as stator active. The axis loop which is direct is used for 

controlling the reactive power while quadrature axis has been 

used for controlling the active power [8]. A vector control 

that is stator flux-oriented has been applied to the side 

converter of the rotor [9]. RSC controller block diagram is 

presented in Fig.5. The reactive power has been controlled 

using the direct axis loop while the active power control is 

done by the axis of the quadrature. The related equations, 

 
 

(27) 

 
 

(28) 

 
Figure 5: Simulink Model of the Rotor Side Controller 

 

2.5 PI Controller based DFIG 

 

Use The controller-based Proportional Integral technique is 

used to control the voltage of the DC –link. The usage of the 

control techniques helps to achieve a better control over the 

DFIG. It has the advantages of [6]  

1) Continual DC-link voltage in case of wind turbine/park. 

2) When speed of the wind is limited, the generation of the 

active power is permitted. 

3) The charge of maintenance is diminished and the 

exploration for case of the wind turbine/park. 

 

Figure 6: Simulink Model of  PI Controller for DFIG 

 

3. Storage Integration 
 

The model of the battery is on the basis of a battery model of 

the lead acid. This simulation has to be carried on short time 

periods, which is more suitable to be used as a model that is 

simplified. 

 

The model of the battery has two operation modes that are, 

the charge and the discharge. The battery is charged while the 

battery input current is positive while discharge is in case of 

current has been negative.  are decided by the 

equations depending on procedure of its battery.  

 

3.1 Bidirectional DC to DC Converter for Battery & 

Supercapacitor  
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Figure 7: Bidirectional DC to DC Converter for Battery and 

Supercapacitor 

 

3.2 Supercapacitor Modeling  

 

The DFIG system contains two converters which are 

integrated. This is the reason that it is preferred to be used for 

adding a new converter. The storage of energy of the UC has 

been considered as the application of storage of wind energy 

in the sector because of the various merits over the system of 

storage for energy of battery.  

 

Though there are several advantages, it has disadvantages 

which are related to the SCs. One will be able take its care 

during control designing.  

 

The energy stored with respect to its weight in the UC of first 

generation is lower when compared to the electrochemical 

batteries. The amount of energy stored brings variations in 

the voltage. To make sure that the energy is stored and 

recovered efficiently, switching equipment and the electronic 

control is essential. 

 

There are various models developed for description of the 

Double-Layer SC. The most widespread model known as the 

two branches model is used in our study, that is well-known. 

(As represented in figure 8). 

 

4. Simulation and Results 
 

Simulink Diagram of Complete System 

 

Simulink diagram of the complete system which consists of 

the following systems: 

a) Wind Turbine 

b) DFIG  

c) Grid Side controller 

d) Rotor Side Controller 

e) Battery and Supercapacitor 

f) Bidirectional DC to DC Converter       

g) Monitor (To get the outputs graphs). 

 

 
Figure 8: Simulink Model of the Final System 

 

Figure 9: Characteristics of   and Wind Speed 

 

5. Simulation Results  
 

Output graphs of the rotor side control parameters 

 

 
Figure 10: Shows output of (a) Speed of wind, (b) Iqr, (c) 

Vdr 

 

Figure 11: Shows output of (a) Torque (b)  and (c)  
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Figure 12: Shows output of (a) , (b)  and (c)   

 

Output Graphs of the Grid Side Control Parameters 

 

Figure 13: Shows output of (a) , (b)  and (c)  

Figure 14: Shows output of (a) , (b)  

Figure 15: Shows output of (a)Vs, (b) Ig 

 

Output of the Supercapacitor Voltage and Current 

 

 
Figure 16: Shows output of (a) Supercapacitor Voltage, (b) 

Super Capacitor Current 

Output of the Battery Voltage and Current 

 

Figure 17: Shows Output of (a) Battery Voltage, (b)Battery 

Current 

 

6. Conclusion 
 

This paper has showed the control as well as the energy 

management strategy for Wind Turbine which is connected 

to a DFIG system. Controllers for Grid Side as well as to the 

Rotor Side, hybrid supercapacitor and battery storage for 

energy is being connected to the grid side of the system 

which has been used as a backup system for the network, 

having the aim for supplying to the load. A design for the 

controlling of the deliberated power system has been 

established in this paper. Simulation results and graphs using 

MATLAB and Simulink demonstrate the performance of the 

storage network which explains the usage of hybrid battery–

supercapacitor arrangement. Moreover, showing the efficacy 

of the complete management strategy for the achieve energy 

and viability of the proposed wind turbine energy network. 

Figure 10, 11 and 12 shows the output graphs of the rotor 

side control parameters. Similarly figure 13, 14 and 15 

shows the output graphs of the grid side control parameters, 

and figure 16 shows the output of the supercapacitor voltage 

and current and figure 17 shows the output of the battery 

voltage and current. 

 

References 
 

[1] Almoataz Y. Abdelaziz, Amr M. Ibrahim, Ahmed M. 

Asim, Ahmed H. Abdel Razek, “DYNAMIC 

BEHAVIOUR OF DFIG-BASED WIND TURBINES 

DURING SYMMETRICAL VOLTAGE DIPS” in 

Electrical and Electronics Engineering: An International 

Journal (ELELIJ) Vol 2, No 2, May 2013 

[2] Liyan Qu, Member, IEEE, and Wei Qiao , “Constant 

Power Control of DFIG Wind Turbines With Super 

capacitor Ener or Energy Storage” in IEEE 

TRANSACTIONS ON INDUSTRY APPLICATIONS, 

VOL. 47, NO. 1, JANUARY/FEBRUARY 2011. 

[3] W. Qiao and R. G. Harley, “Grid connection 

requirements and solutions for DFIG wind turbines,” in 

Proc. IEEE Energy Conf., Atlanta, GA, Nov. 17–18, 

2008, pp. 1–8. 

[4] R. Piwko, D. Osborn, R. Gramlich, G. Jordan, D. 

Hawkins, and K. Porter, “Wind energy delivery issues: 

Transmission planning and competitive electricity 

market operation,” IEEE Power Energy Mag., vol. 3, 

no. 6, pp. 47–56, Nov./Dec. 2005. 

[5] J. P. Barton and D. G. Infield, “Energy storage and its 

use with intermittent renewable energy,” IEEE Trans. 

Energy Convers., vol. 19, no. 2, pp. 441– 448, Jun. 

2004. 

Paper ID: SR23511140430 DOI: 10.21275/SR23511140430 804 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 12 Issue 5, May 2023 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[6] Mallala Harshavardhan, K.Rajesh, “Modelling and 

Simulation of Grid Side Control of DFIG Using Fuzzy 

and PI” IJCSMC, Vol. 5, Issue. 8, August 2016, pg.123 

– 130. 

[7] G.B. Chung and J.H Choi, “Application of fuzzy PI 

control algorithm as stator power controller of double – 

fed induction machine in wind power generation 

systems,” J. Power Electron., vol 9, no. 5, pp. 677 – 

685, Sep. 2009. 

[8] Tapia, G. Tapia, J. X. Ostolaza, J. R. Saenz, R. Criado, 

J. L. Berasategui, "Reactive power control of a wind 

farm made up with doubly fed induction generators”, (I) 

and (II), IEEE Porto Power Tech Conference, 2001. 

[9] N. S. Chouhan, “Doubly fed induction generator with 

integrated energy storage system for smoothening of 

output power”, Master Thesis, Missouri University, 

2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Paper ID: SR23511140430 DOI: 10.21275/SR23511140430 805 




