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Abstract-This paper presented the impact of large penetration of wind 

power on the transient stability of multi-machine power system. Variable 

speed wind farm with grid connected doubly fed induction generator 

(DFIG) are the fault rid through (FRT) capability and the output power 

fluctuation. The use of super conducting coil is proposed to reduce fault 

current level at the stator side and improves fault ride-through capability 

of the system. The exchanging of energy between Short Circuit and the 

system is controlled by the dc-dc converter, which is connected among 

the grid side converter (GSC) and the rotor side converter. This method 

to control the output power of a wind farm with aim of improving the 

transient stability of the multi-machine power system. The simulation 

and experimental results have demonstrated the enhanced 

performances resulting from the wind farm of the control scheme. 

Keywords: Doubly fed induction generator (DFIG), wind turbine, fault 

ride through capability, super conducting coil. 

I.INTRODUCTION 

In recent years showed a great increase in electrical power demand. 

Wind energy is one of the important source of renewable energy 

than others because the wind is free. In addition they have Low 

maintenance requirements and operations. Therefore wind energy 

can be built on a large scale with economic benefits. A Doubly fed 

induction generator (DFIG) based wind farms has increased due to 

their variable –speed capability and lower reactive power 

requirement under normal operating condition [1]. Using DFIG 

could achieve many advantages such as low installation cost, low 

power rating of converter, and active and reactive power 

controllability [2] .The proposed DIFG control strategies to 

improve local network transient stability provides fault ride-

through (FRT) capabilities for wind farms [3,4]. Nevertheless, the 

DFIG wind turbine faces two inevitable problems with the FRT 

capability and the output power fluctuations [5]. This problem 

becomes more severe with large penetration of wind energy and 

will causes a negative impact on the overall stability of the system. 

So, there are need to improve the ability of the wind turbines to 

remain connected to the grid faults which is termed as fault ride-

through (FRT) capability. There are many existing techniques 

introduced for improving the FRT capability of DFIG based wind 

turbine [6,7]. Crowbar System is a very well-known technique 

being used. It consists of a set of resistors which is connected with 

the rotor side by power electronics devices during bypass the rotor 

side converter. Rotor current is reduced successfully by using the 

crowbar system. 

    Thus, it consumes the reactive power from the grid leading to 

further decrease of grid voltages [8]. The resistive type-

superconducting coil is used to reduce the fault current level at the 

side of the DFIG and improve the FRT capability and increasing 

the resistance. So the FRT capability improvement can be 

achieved. Recently, a superconducting coil (SC) has been installed 

in the combination of SMES and SFCL for limiting fault current 

and alleviating power fluctuation [9, 10]. SMES and SFCL are 

applied to the damping of tie-line power oscillations and the 

compensation of terminal bus voltage fluctuation of the wind 

turbine generator [11]. The SC is applied to the rotor-side converter 

and the grid-side converter of the DFIG wind turbine via a dc-dc 

converter. DFIG wind turbine incorporating with the SC circuit 

using current and voltage sources have been proposed in [12]. The 

SC is used to alleviate the output power fluctuation during normal 

operation of the DFIG. A grid faults, the SC is automatically 

inserted into the stator or rotor circuit and used to limit the stator 

or rotor overcurrent. This study the connecting the SC is series with 

the stator provides better FRT performance that connecting it in 

series with the rotor. This paper proposes the optimization of an 

SC integrated into the dc link of the DFIG wind turbine for the FRT 

capability improvement and the output power fluctuation. During 

normal operation the SC acts as an energy storage device is 

employed to smoothen the output fluctuation of the DFIG wind 

turbine. The SC optimization is stored energy in the SC and the PI 

parameters of dc-dc converter are tuned simultaneously. So that 

the suppression of output power fluctuation and FRT capability can 

be achieved. 

 

2. WIND TURBINE MODELLING 
 

Wind turbine modeling 

The power output of wind turbine is given by following equation 

𝑃𝑚 = (
1

2
)𝐶𝑝(𝛽)𝜌𝐴𝑣

3                                            (1) 

  Where,  

The above equation can be regularized. In the pu system we have 

 

𝑃𝑚(𝑝𝑢) = 𝐾𝑝𝐶𝑝 − 𝑃𝑢𝑣_𝑝𝑢
3                                   (2) 

 

A generic equation is used to model 

𝐶𝑝(𝛽) = 𝐶1 (
𝐶2

𝐶1
− 𝐶3𝛽 − 𝐶4) 𝑒

−
𝐶5
𝐶𝑖 + 𝐶6                (3) 
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3. DFIG WIND TURBINE WITH THE SC   

CIRCUIT 
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Figure 1. General scheme of a DFIG including converters 

and controllers 

3.1 DFIG    

 
A DFIG based wind turbine, where the stator is directly connected 

to the grid and the rotor is connected to a controlled dc-dc 

converter. The dc-dc converter has two components: rotor-side 

converter and grid-side converter.  

 

The rotor side converter is capable for controlling the DFIG speed, 

torque and power factor at the stator terminals and the grid side 

converter retains the dc link voltage at constant without 

considering the magnitude and direction of the rotor power. 

 

The DFIG is controlled by vector control strategy of the power 

converter. The active power generation is based on the 

characteristics of wind turbine and speed of the wind under normal 

operating conditions, where the reactive power is set at zero. 

The grid is represented as an infinite bus with frequency of 50 HZ. 

 

3.2 DFIG Wind Turbine With The SC Circuit 

The SC circuit integrated into the DFIG Wind turbine. The DFIG 

consists of GSC, dc-dc converter and RSC. The GSC and RSC are 

voltage sources converters. The SC is connected to the dc side of 

GSC and RSC via a dc-dc converter. SC is commonly connected 

in series with the stator of the DFIG and the transmission line via 

a three phase bridge rectifies and the isolation transformers. By the 

control of dc-dc converter, the SC can be used to control the energy 

exchange with the system. As results the output fluctuation of the 

DFIG can be alleviated. On the other hand, during the grid faults 

the SC is automatically connected in series with the transmission 

line by the control of dc-dc converter with the switching signal for 

the FRT enhancement. The SC is used to suppress the overcurrent 

in the stator and rotor, and overvoltage in the capacitor. 

3.2 Rotor-Side Converter (RSC) 

The voltage is applied to the rotor windings of the DFIG by the 

rotor side converter and it is used for controlling the rotor currents 

when the position of rotor flux is optimally focused regarding 

stator flux during the desired torque developed at the machine 

shaft. The rotor side converter regulates the output power of the 

wind turbine and the measurement of voltage at the stator 

terminals by using torque controller. 

3.3 Rotor-Side Converter Control 

 The excitation for the rotor of induction machine is provided by 

the rotor side converter and it controls the torque, DFIG speed 

and power factor using PWM converter. Depends on the 

conditions of wind speed, it provides a fluctuating excitation 

frequency. The induction machine is controlled in a 

synchronously rotating dq-axis frame, with the d-axis oriented 

along the stator-flux vector position in one common 

implementation. This is called stator-flux orientation (SFO) 

vector control.  

3.4 GRID-Side Converter (GSC) 

The grid side converter is used for regulating the dc bus capacitor 

voltage. For voltage maintenance, it generates and absorbs the 

reactive power. 

The output of the dc voltage regulator is the reference current 

𝑖𝑐𝑑𝑟𝑒𝑓  for the current regulator. The current regulation loop 

involves the magnitude and phase voltage from the 𝑖𝑐𝑑𝑟𝑒𝑓  which is 

produced by the voltage regulator and specified q-axis 𝑖𝑐𝑞𝑟𝑒𝑓  

reference. 

3.5 DC-DC Converter Control 

The SC controller for the dc-dc converter which consists of PI1 

and PI2 for smoothing output power fluctuation of the DFIG wind 

turbine. The input signal of PI1 is the actual power output of the 

DFIG and the references power output. The output signal of the 

PI1 is change to the dc-link voltage signal, which is proportional 

to the change in the DFIG power output. Adding the output signal 

of PI1 to the reference dc-link voltage and comparing with actual 

dc-link voltage the input signal of PI2 which is the dc voltage error 

is obtained. The output signal of PI2 is the duty cycle deviation 

which is adjusted by a adding 0.5 to get the duty cycle between 0 

and 1 for smoothing power fluctuation.  

Turbine 

GSC   RSC 
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3.6 Power fluctuation: 

The cooperative control of GSC and SC controllers is conducted to 

regulate the dc-link voltage. Accordingly, the power compensation 

from the SC can be used to alleviate the power fluctuation of the 

DFIG wind turbine. The power relation at normal operation can be 

expressed by 

𝑃𝐷𝐹𝐼𝐺 = 𝑃𝑆𝑡𝑎𝑡𝑜𝑟 + 𝑃𝐺𝑆𝐶                                              (4) 

In addition 𝑃𝐺𝑆𝐶  can be shown by 

𝑃𝐺𝑆𝐶 = 𝑃𝑑𝑐𝑙𝑖𝑛𝑘 + ∆𝑃𝐶
∗                                               (5) 

Note that without power compensation from the SC, 𝑃𝐺𝑆𝐶  is equal 

to  

Note that without power compensation from the SC, PGSC 

is𝑃𝑑𝑐𝑙𝑖𝑛𝑘 . 

Here ∆𝑃𝐶
∗ is expressed as 

∆𝑃𝐶
∗ = ∆𝑉𝐶

∗. 𝐼𝐶                                                            (6) 

 

4. IMPROVEMENT OF THE TRANSIENT 

STABILITY 

A fault in the system grid to which the DFIG is connected causes 

the voltage at machine bus to breakdown. As the electromagnetic 

torque produced by the generator also reduced to zero the 

unbalance between electrical and mechanical power causes the 

machine rotor to dramatically accelerate. The voltage at dc link of 

the dc-dc converter supplying the DFIG rotor side breaks down as 

well so it is no longer possible to maintain such circuit to stabilize 

the machine. 

5. NUMERICAL RESULTS 
A 9 MW wind farm consisting of six 1.5 MW wind turbines 

connected to a 25 kV distribution system exports power to a 120 

kV grid through a 30 km, 25 kV feeder. Wind turbines uses a 

doubly-fed induction generator (DFIG) which contains wound 

rotor induction generator and an AC/DC IGBT-based PWM 

converter. The stator winding is connected directly to the 60 Hz 

grid while the rotor is fed at variable frequency through the 

AC/DC/AC converter. The DFIG technology allows extracting 

maximum energy from the wind for low wind speeds by 

optimizing the turbine speed, while minimizing mechanical 

stresses on the turbine during of wind. 

 

 

 

 

 

Fig 2. With compensation 
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Fig 3.Without compensation 

Simulation results clarify that the DFIG wind turbine with the 

optimal SC provides superior control effect to the DFIG wind 

turbine with the non-optimal SC, battery, and STATCOM in 

terms of power smoothing effect and FRT enhancement. This 

confirms that the proposed solution is not only theoretically 

feasible, but also superior to other conventional techniques. 

6. CONCLUSION 

The new optimization technique of the SC integrated into the dc 

link of the DFIG wind turbine for augmentation of the FRT 

capability and suppression of the output power fluctuation is 

proposed in this paper. Simulation results clarify that the DFIG 

wind turbine with the optimal SC provides superior control effect 

to the DFIG wind turbine with the nonoptimal SC, battery, and 

STATCOM in terms of power smoothing effect and FRT 

enhancement. This confirms that the proposed solution is not only 

theoretically feasible, but also superior to other conventional 

techniques. 
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